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EXECUTIVE  SUMMARY 

BACKGROUND 

The  two  main  objectives  of  the  study  are: 

1.  Improvement  of  the  water  treatment  plant  performance  to  meet  the  new  Ontario 
Drinking  Water  Objectives  (ODWO)  THMs  guideline  without  compromising 
disinfection,  to  achieve  a  filter  effluent  turbidity  of  0. 1  NTU,  and  to  meet  the  aluminum 
operational  guideline  of  100  [le/L. 

2.  Sustaining  long  term  performance  through  skills  transfer  to  plant  operating  staflF  and 
recommendations  for  plant  upgrades  where  required. 

The  optimization  study  was  funded  by  the  Ontario  Ministry  of  Environment  (MOE),  and  is  a 
cooperative  public/private  project  between  the  MOE  and  RAL  Engineering  Ltd.  By  optimizing  the 
performance  of  their  existing  facilities,  municipalities  should  be  capable  of  producing  water  that  meets 
the  new  THMs  objective,  and  also  be  capable  of  improved  particle  removal  and  lower  aluminum 
residuals,  without  requiring  costly  upgrades. 

Trihalomethanes  (THMs)  are  by-products  created  when  the  chlorine  used  in  the  disinfection  process 
reacts  with  naturally  occurring  organics.  Trihalomethanes  are  suspected  of  increasing  the  risk  of 
cancer  following  long  term  exposure.  The  Ontario  government  has  lowered  the  guideline  fi"om  a 
maximum  acceptable  concentration  of  350  )J.g/L,  measured  as  a  single  occurrence,  to  an  interim 
maximum  acceptable  concentration  of  100  |ig/L  based  on  a  running  annual  average  of  four  quarterly 
samples. 

The  associated  treatment  parameters  of  tmtidity  and  aluminum  residual  were  also  subject  of  the 
optimization  effort.  The  ODWO  for  turbidity  is  1  NTU,  but  current  research  now  indicates  that  a  filter 
effluent  turbidity  of  0. 1  NTU  is  needed  to  provide  protection  fi-om  Cryptosporidium.  To  reduce 
potential  for  disease  outbreaks,  this  study  will  evaluate  the  feasibility  to  obtain  a  turbidity  of  0. 1  NTU 
in  the  filter  effluent.  The  ODWO  for  aluminum  in  drinking  water  is  1 00  |ig  /L 

The  optimization  of  a  water  treatment  plant  consists  of  evaluating  the  existing  treatment  units, 
conducting  laboratory  testing  to  determine  the  best  choice  and  dosage  of  the  treatment  chemicals  and 
making  changes  to  plant  operation. 

EXISTING  CONDITIONS 

The  original  Warkworth  Water  Treatment  Plant  was  built  and  commissioned  in  the  late  1960's  and  was 
expanded  in  1992.  Water  supply  for  the  plant  is  taken  fi-om  Mill  Creek,  a  tributary  of  the  Trent  River, 
which  flows  into  the  Bay  of  Quinte.  The  expanded  plant  consists  of  raw  water  pumping,  chemical 
feed,  in-line  static  mixer  and  a  Napier-Reid  packaged  plant  which  includes  three  flocculation  tanks,  one 
sedimentation  tank,  and  two  dual  media  gravity  filters.  The  plant  uses  PACl,  polymer  and  chlorine  in 
the  treatment  process  The  Township  of  Percy  owns  the  treatment  plant  and  distribution  system,  and 
operates  the  plant.  The  plant  is  presentiy  operated  6  to  9  hours  per  day  at  its  rated  flow  capacity. 
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Units 

Raw  Water 

Treated  Water 

NTU 

0.8 

to     5.8 

0.1 

to    0.9 

TCU 

9 

to     39 

2 

to     11 

mg/L 

0.5 

to    7.5 

2.0 

to    6.2 

7.6 

to    8.5 

7.3 

to    8.4 

mg/L-CaCOs 

180 

to    227 

164 

to    212 

^g/L 

10 

to     14 

10 

to  1900 

Ug/L 

11 

to    194 

Average  day 

308  m^/d 

Maximum  daily  flow 

488  mVd. 

A  summary  of  historical  data  from  June  1995  to  May  1996  is  presented  as  follow: 

Parameters 

Turbidity 

Colour 

DOC 

pH 

Alkalinity 

Aluminum 

THM 

Plant  flows  are  generally: 


PERFORMANCE  ASSESSMENT 

The  average  pH  of  the  raw  water  is  8.2,  which  is  high  and  would  contribute  to  the  high  aluminum 
residual  in  the  treated  water. 

The  raw  water  turbidity  varied  from  0.8  to  5.8  NTU.  The  average  treated  water  turbidity  ranged 
from  0.1  to  0.9  NTU.  The  turbidity  did  not  exceed  the  ODWO  of  1  NTU  but  exceeded  the 
operational  objective  of  this  study  of  0.1  NTU.  An  option  available  to  improve  particulate 
removal  is  to  optimize  the  coagulant  and  coagulant  aid  dosage  through  jar  testing,  and  possibly 
adjustment  of  the  pH  of  the  raw  water. 

The  THMs  measured  in  the  treated  water  at  the  plant  varied  from  56  to  170  (ig/L,  for  an  average 
of  116  ng/L.  The  THMs  levels  in  the  distribution  system  varied  from  52  to  230  |ig/L,  for  an 
average  of  125  |^g/L.  The  THMs  during  the  summer  of  1997  exceeded  the  new  ODWO  of 
lOO^ig/L.  An  option  available  to  reduce  the  formation  of  THMs  is  to  stop  pre-chlorination  of  the  raw 
water  and  post-chlorinate  the  treated  water  leaving  the  filter  effluent. 

The  water  samples  taken  in  the  distribution  system  for  THMs  analysis  were  quenched  with  sodium 
thiosulfate  to  remove  any  chlorine  residual  to  stop  further  reaction  between  free  chlorine  and  organics. 
Water  samples  taken  at  the  water  treatment  plant  for  THMs  analysis  were  not  quenched,  the  reason 
being  to  simulate  the  effect  of  additional  contact  time  in  the  distribution  system. 

Based  on  THMs,  colour  and  TOC  analysis  performed  for  the  Warkworth  Water  Treatment  Plant,  there 
is  some  evidence  of  a  relation  between  the  level  of  colour  or  TOC  in  the  water  and  the  level  of  THMs 
formed.  The  highest  THMs  level  was  measured  at  a  time  when  TOC  was  the  highest  as  would  be 
expected. 

Additional  analysis  was  performed  to  evaluate  the  level  of  haloacetic  acids  (HAAs)  in  the  treated 
water.  HAAs  are  by-products  of  disinfection  with  humic  substances  and  may  be  of  concern  to  human 
health.  Currently,  there  is  no  guideline  in  Ontario  regulating  the  maximum  level  of  HAAs  in  drinking 
water.  The  US  Environmental  Protection  Agency  (USEPA)  has  proposed  the  maximum  contaminant 
level  in  the  first  stage  of  the  upcoming  Disinfectants/Disinfection  By-products  (D/DBP)  Rule  to  be 
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60|ig/L  for  the  total  concentration  of  five  HAAs.  The  five  major  HAAs  are  -  monochloroacetic 
acid  (MCAA),  DCAA,  TCAA,  monobromoacetic  acid  (MBAA),  and  dibromoacetic  acid 
(DBAA).  The  levels  in  the  treated  water  at  the  plant  varied  fi-om  114  to  141  ]ig/L  for  an  average 
of  130|ig/L.  HAAs  in  the  distribution  system  varied  fi-om  88  to  123  |ig/L  for  an  average  of 
lOl^g/L.  With  improved  removal  of  organics  through  the  optimization  effort  it  can  be  expected 
that  HAAs  along  with  THMs  will  be  reduced. 

OFF-SITE  AND  ON-SITE  TESTING 

A  preliminary  screening  study  was  performed  on  water  collected  at  the  plant  and  sent  to  the  MOE 
Standards  Development  Branch.  This  testing  indicated  both  Alum  and  PACL  performed  well, 
however,  the  polymer  LT27A  outperformed  the  polymer  LT35  that  was  used  in  the  plant.  Tests  also 
indicated  that  LT20  and  LT24  were  other  good  choices.  Further  on-site  testing  was  conducted  that 
confirmed  these  results.  Lowering  of  the  plant  flow  rate  was  done  to  increase  residence  time  in  floe 
tanks  and  lower  the  surface  flow  rate  in  the  settling  tank,  hopeflilly  improving  floe  formation  and 
settling.  As  well,  the  mixer  in  the  second  tank  was  shut  oflf.  The  floe  produced  was  much  larger  and 
settling  improved  slightly,  as  indicated  by  lower  filter  influent  turbidity  than  trial  No.  1 .  Further  study  is 
recommended  to  evaluate  the  impact  of  shutting  down  mixers  in  the  fiirst  flocculation  tanks  and 
lowering  plant  flow  rate. 

CONCLUSIONS 

High  levels  of  colour  in  the  raw  and  treated  water  present  higher  potential  for  THMs  formation  since 
organics  in  the  water  will  react  with  fi-ee  chlorine  to  form  THMs.  Stopping  pre-chlorination  should 
help  reduce  levels  of  THMs  in  the  treated  water  below  the  new  ODWO  guideline  of  \00\igfL.  It  has 
been  more  difficult  to  achieve  the  goal  of  100  |j.g/L  for  aluminum  residual  in  treated  water.  Trial 
testing  to  perform  pH  adjustment  of  the  raw  water  would  be  useful  in  determining  its  impact  on 
aluminum  residual  in  the  treated  water.  To  achieve  the  high  levels  of  performance  that  provides 
the  greatest  protection  against  harmfijl  organisms,  it  is  necessary  to  have  precise  control  over  the 
addition  of  the  treatment  chemicals,  have  good  dispersion  of  those  chemicals  and  to  have  a 
continuous  readout  and  record  of  plant  performance.  This  usually  results  in  the  added  economic 
benefit  of  making  the  most  effective  use  of  these  treatment  chemicals. 

RECOMMENDATIONS  FOR  PLANT  SCALE  MODIFICATIONS 

The  following  is  a  summary  of  recommended  modifications  to  improve  the  plant's  overall  performance. 

1 .  Stop  pre-chlorination  to  the  wetwell  to  reduce  THMs  formation, 

2.  Install  a  new  post-chlorine  injection  system  at  the  filter  efl[luent  to  provide  sufficient  contact 
time  in  the  cleanvell  for  inactivation  of  cysts  and  viruses; 

3 .  Modification  to  the  backwash  procedure; 

4.  Stop  discharging  the  waste  water  supernatant  to  the  wetwell,  and  discharge  it  to  the  creek  to 
reduce  the  potential  for  reintroducing  Cryptosporidium  to  the  water  supply; 
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5.  Install  on-line  turbidimeters  for  the  raw  water  and  the  filter  eflQuent  to  help  staflf  respond 
quickly  to  water  quality  changes; 

6.  Perform  CO2  full  scale  trial  testing  to  lower  the  pH  of  the  raw  water; 

7.  Reduce  plant  flow  rate  to  improve  flocculation; 

8.  Switch  to  a  more  eflfective  polymer. 

COST  ESTIMATE  FOR  IMPLEMENTATION 

The  installation  of  the  post-chlorine  injection  at  the  filter  effluent  was  done  in  the  winter  of  1998. 
The  equipment  required  to  prepare  a  pol>Tner  solution  fi-om  a  dry  powder  was  purchased  in 
March  1998  and  its  installation  and  commissioning  is  scheduled  for  late  spring/early  summer  of 
1998.  The  equipment  was  purchased  by  the  MOE  and  the  cost  involved  is  summarized  as 
follows: 

•  New  post-chlorine  injection  system  at  the  filter  effluent:  $  4,340 

•  Manual  dry  feed  polymer  system:  $  5,300 

Total  cost  (Taxes  not  included):  S  9,640 

It  is  expected  that  by  stopping  pre-chlorination  this  will  translate  to  a  potential  saving  of  up  to  50%  in 
chlorine  cost. 

A  summary  of  the  cost  estimate  for  the  installation  of  a  new  piping  system  to  discharge  the 
wastewater  to  the  creek,  the  installation  of  in-line  turbidity  meters  and  one  recorder,  and  for  CO: 
full  scale  trial  testing  for  pH  adjustment  of  the  raw  water  is  presented  in  Table  9. 1 .  The  cost 
estimate  is  summarized  as  follows: 

•  New  piping  system  for  supernatant  discharge  to  Mill  Creek:  $  5,000 

•  Installation  of  three  in-line  turbidity  meters  and  one  3-pen  recorder:         $  9,000 

•  CO2  fiill  scale  trial  testing:  $5,000 

Total  budget  cost  (Taxes  not  included):  SI 9,000 
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1.0        BACKGROUND 


Trihalomethanes  (THMs)  are  by-products  created  when  the  chlorine  used  in  the  disinfection  process 
reacts  with  naturally  occurring  organics  (e.g.  formed  by  decay  of  algae  and  vegetation)  in  raw  water. 
Surface  water  containing  high  organics  also  often  has  high  colour  levels.  The  most  common  forms  of 
trihalomethanes  created  are  chloroform,  bromodichloromethane,  chlorodibromomethane  and 
bromofoim. 

The  formation  of  THMs  is  influenced  by  several  factors: 

•  Free  chlorine  concentration  -  higher  CI2  =  higher  THMs 

•  Organic  content  -  higher  organic  concentration  =  higher  THMs 

•  pH  -  higher  pH  =  higher  THMs 

•  Temperature  -  higher  temperature  =  higher  THMs 

•  Time  -  normally  longer  time  =  higher  THMs 

Since  the  formation  of  trihalomethanes  is  associated  with  the  presence  of  organics  in  the  water,  small 
inland  lakes  and  rivers,  which  may  contain  more  organics  than  large  clear  bodies  of  water  have  a 
greater  trihalomethane  formation  potential,  especially  during  periods  of  high  runoff. 

The  reason  for  adding  chlorine  to  drinking  water  is  to  kill  bacteria  and  other  microorganisms  that  could 
cause  numerous  illnesses.  However  chlorine  use  leads  to  the  presence  of  trihalomethanes  and  this  is  a 
cause  for  concern.  Studies  have  found  an  association  between  high  levels  of  trihalomethanes  in 
chlorinated  drinking  water,  and  slight  increases  in  cancer  following  long  term  exposure  of  more  than  35 
years. 
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Chlorine  has  an  advantage  over  other  disinfectants  in  that  it  persists  many  hours  or  for  days  and 
provides  protection  for  the  entire  water  distribution  system.  The  benefit  to  public  health  of  using 
chlorine  as  a  disinfectant  in  drinking  water  far  out-weighs  the  risk  to  health  associated  with  the  low 
levels  of  trihalomethanes  created  as  by-products  of  chlorination. 

In  order  to  decrease  the  health  risk  fi^om  trihalomethanes,  the  Canadian  and  Ontario  governments  have 
lowered  their  respective  guideline  limits  fi"om  a  maximum  acceptable  concentration  of  350  |ig/L, 
measured  as  a  single  occurrence,  to  an  interim  maximum  acceptable  concentration  of  100  |ig/L  based 
on  a  nmning  annual  average  of  four  quarterly  samples. 

Disease  outbreaks  caused  by  giardia  and  cryptosporidiimi  have  been  reported  with  increased  fi"equency 
over  the  last  decade  in  Canada  and  the  US.  These  protozoan  parasites  (especially  Cryptosporidium)  are 
more  difficult  to  kill  than  bacteria  with  disinfectants,  and  therefore  their  removal  by  physical  processes 
is  vital.  As  a  result.  Health  Canada  is  now  examining  the  need  for  stricter  standards  for  particle 
removal  in  water  plants.  The  current  Ontario  Drinking  Water  Objective  (ODWO)  for  turbidity  that 
applies  at  the  water  treatment  plant  is  1  NTU,  but  current  US  research  and  experience  now  indicates 
that  a  fQter  effluent  turbidity  of  0. 1  NTU  is  needed  to  provide  protection  from  Cryptosporidium.  In  the 
attempt  to  reduce  potential  for  disease  outbreaks,  this  study  attempted  to  evaluate  the  feasibility  to 
obtain  a  turbidity  of  0. 1  NTU  in  filter  effluent. 

Alimi  (aluminum  sulphate)  is  the  most  widely  used  coagulant  because  it  is  eflFective,  readily  available, 
and  relatively  inexpensive.  However,  under  some  circumstances,  or  if  not  used  properly,  its  use  can 
result  in  elevated  levels  of  residual  aluminum  in  finished  drinking  water.  An  article  was  published  on 
facts  about  human  health  and  aluminum  in  drinking  water  (Environmental  Science  and  Engineering 
Magazine,  January  1997).  The  following  is  a  summary  of  the  major  facts  presented  in  the  article. 
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In  recent  years,  increased  attention  has  been  focused  on  possible  adverse  eflfects  of  aluminum  in 
drinking  water  on  human  health.  Several  epidemiological  studies  have  reported  a  slightly  increased 
incidence  of  dementia  in  communities  where  drinking  water  is  high  in  aluminum  and  these  studies  have 
raised  concerns  among  the  media  and  public.  A  number  of  theories  on  the  causes  of  Alzheimer's 
disease  have  been  proposed  and  are  currentiy  under  investigation.  From  what  we  know  at  this  time, 
tiie  evidence  linking  aluminum  and  Alzheimer's  disease  is  far  from  conclusive,  but  we  also  cannot  be 
sure  that  there  is  no  relationship.  Humans  are  constantly  being  exposed  to  aluminum  via  food,  air,  and 
water.  Ninety  percent  (90%)  of  aluminum  intake  is  from  food.  In  general,  exposure  to  aluminum  from 
drinking  water  is  very  low  (below  3%)  compared  with  that  from  food  and  drugs.  At  the  present  time 
tiie  ODWO  for  aluminum  in  drinking  water  is  100  ug/L,  which  is  an  operational  not  health  related 
guideline. 

Owners  of  water  treatment  plants  and  water  distribution  systems  who  provide  water  for  consumption 
have  legal  responsibilities,  which  are  shared  by  all  suppUers  of  food  or  drink.  Owners  and  suppHers 
must  take  reasonable  measures  to  ensure  the  water  is  fit  for  safe  consumption. 

This  optimization  study  is  fimded  by  the  Ontario  Ministry  of  the  Environment  (MOE),  and  is  a 
cooperative  public/private  project  between  the  MOE  and  RAL  Engineering  Ltd.  By  optimizing  the 
performance  of  tiieir  existing  facilities,  municipaUties  with  a  conventional  water  treatment  plant  (i.e. 
coagulation,  flocculation,  settling,  filtration  and  disinfection)  in  many  cases  should  be  capable  of 
producing  water  that  meets  the  new  THMs  objective,  and  also  be  capable  of  improved  particle 
removal,  without  resorting  to  costly  upgrades.  The  optimization  of  a  water  treatment  plant  consists  of 

•  Documentation  of  existing  facility. 

•  Assessment  of  the  performance  of  each  process  unit. 

•  Verification  of  the  hydraulic  loading  on  each  process. 

•  Laboratory  jar  testing  to  determine  the  best  combination  of  treatment  chemicals  and  the 
optimum  dosages  to  achieve  maximum  removal  of  particulates  and  dissolved  organic 
material,  as  well  as  a  minimum  level  of  aluminum  residual  in  the  treated  water. 

•  Make  required  changes  to  plant  operation  at  fuU-scale  to  ensure  that  changes  will  minimize 
the  formation  of  THMs,  but  will  not  compromise  the  disinfection  requirement. 
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2.0        OBJECTIVES 


The  two  main  objectives  of  the  study  are: 

1.  IMPROVEMENT  OF  THE  WARKWORTH  WATER  TREATMENT  PLANT 
PERFORMANCE 

•  Improve  plant  performance  without  major  capital/equipment  expenditures.    Specific  water 
quality  objectives  are  listed  below  in  decreasing  order  of  priority; 

i  To  comply  with  the  100  |ig/L  ODWO  for  THMs  in  treated  water  as  a  running  annual 
average  of  4  quarterly  samples.  This  objective  shall  be  met  while  ensuring  proper 
removal  and/or  inactivation  of  disease-causing  microorganisms  such  as  bacteria  and 
viruses,  since  this  remains  the  most  critical  aspect  of  drinking  water  treatment. 

ii  To  improve  particulate  removal  to  reduce  or  eliminate  disease  risk  fi^om  giardia  and 
Cryptosporidium.  While  the  ODWO  for  turbidity  is  1 .0  NTU,  the  goal  is  to  achieve  0. 1 
NTU  in  the  filter  effluent. 

iii    To  keep  aluminum  residual  at  or  below  1 00  [igfL  to  meet  the  ODWO. 

2.  SUSTAINING  LONG-TERM  PERFORMANCE 

•  Skills  transfer  to  plant  operating  staff  to  enable  them  to  effectively  control  and  adjust 
processes  over  the  long  term  in  response  to  raw  water  quality  variations. 

•  Documentation  of  plant  conditions  with  recommendations  for  up-grades  and  operational 
modifications. 
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3.0        DOCUMENTATION  OF  EXISTING  CONDITIONS 


The  Township  of  Percy  is  the  owner  of  the  water  treatment  plant  and  distribution  system  serving  the 
Police  Village  of  Warkworth.  The  plant  is  operated  by  the  Township.  Warkworth  is  located  at  the 
intersection  of  Northumberland  County  Roads  25  and  28  west  of  Highway  30.  The  previous  water 
supply  and  treatment  system  was  constructed  and  commissioned  in  the  late  1960's.  The  new  facility 
was  commissioned  in  late  1992.  The  current  water  treatment  plant  and  distribution  system  was 
designed  to  service  an  equivalent  population  of  987  with  at  design  capacity  of  1,232  m7d.  The  current 
Village  population  is  approximately  650.  Water  supply  to  the  Police  Village  of  Warkworth  water  plant 
is  taken  from  Mill  Creek.  The  Creek  is  a  tributary  of  the  Trent  River  which  flows  to  the  Bay  of  Quinte. 


The  raw  water  characteristics  are: 

Colour:  5  to  100  TCU 

Turbidity:  1  to  5  NTU 

pH:  7.8  to  8.3 

Alkalinity:  200  to  220  mg/L  (as  CaCO;,) 

Plant  flows  are  generally:  Average  day  308  mVd 

Maximum  daily  flow     488  mVd 
Plant  Rated  capacity      1,232  m7d 

The  water  treatment  plant  at  the  beginning  of  the  optimization  study  consisted  of 

=>     Low  lift  pumping  drawing  raw  water  from  Mill  Creek. 
=>     Coagulant  feed  systems  for  PACl  and  polymer. 
=>     In-line  static  mixer. 
=>     One  ( 1 )  Napier-Reid  packaged  plant  including: 

=>     Three  (3)  flocculation  tanks. 

=>     One  ( 1 )  sedimentation  tank  with  tube  settlers 

=>     Two  (2)  dual  media  filters. 
=>     One  (1)  clearwell  storage  located  under  the  packaged  plant  and  chemical  area. 
=>     Chlorine  feed  system  for  pre  and  post  disinfection. 
=:>     Vertical  turbine  high  lift  pumps. 

The  plant  is  operated  approximately  8  hours  per  day  all  year  round. 
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3.1        THE  TREATMENT  PLANT  PROCESS 

The  original  plant  was  commissioned  in  1969  and  consisted  of  direct  filtration  together  with  pre  and 
post  chlorination,  high  and  low  lift  pumping,  and  treated  water  storage.  Construction  of  the  expanded 
facilities  was  completed  in  November  1992.  The  expanded  plant  consists  of  raw  water  pumping, 
chemical  feed,  in-line  static  mixer  and  a  Napier-Reid  packaged  plant  which  includes  three  flocculation 
tanks,  one  sedimentation  tank  with  tube  settlers,  and  two  dual  media  gravity  filters.  The  filter  eflQuent  is 
discharged  into  a  four-celled  clearwell  interconnected  to  the  high  lift  pumps.  The  clearwell  is  located 
below  the  packaged  plant  and  chemical  area.  The  filters  are  backwashed  with  a  separate  pump. 

A  plant  survey  was  performed  during  a  site  visit  on  May  29  1997,  to  prepare  a  detailed  description  of 
the  existing  equipment  and  the  condition  of  operation.  The  survey  is  documented  in  Appendix  A,  and 
the  Certificate  of  Approval  in  Appendix  C  A  plant  schematic  is  presented  in  Figure  3.1. 
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A  process  unit  model  for  the  plant  operated  at  design  flow  (1,232  m^/d)  is  as  follows: 

MIXING  FLOCCULATOR  CLARIFIER  FILTER 

(3  UNITS)  WITH  TUBE  SETTLERS  (2  UNITS) 

(1  UNIT) 


o\t;rall  dimensions 

L                   4.09   m 

L 

6.70   m 

L 

2.50   m 

W                   2.44   m 

W 

2.70   m 

W 

1.35    m 

D                   2.44   m 

D 

2.44    m 

D 

2.44    m 

STATIC 

VOL                   24.4   m' 

AREA 

18.09   m" 

AREA 

3.4    m^ 

MIXER 

VOL 

44.1    m' 

VOL 

8.2    m' 

MIXERS        ^— ^0  19kW 

RATE 

2.84  m/h 

RATE 

7.60  m/h 

Gflocl&2                    6.85  s' 

TIME 

52  min 

Gtnocl&2                  1,941 

G  floe  3                    3.40  s' 

Gt  floe  3                3,875 

TOT.  TIME                       28  min 

MOE  GUIDELINE 


50,000 
125,000 


3.8 
5.8 


m/h 
mih 


Recom. 
Ma.K. 


mh 
m/h 


A  description  of  the  process  unit  operations  associated  with  the  plant  is  as  follows: 

3.1.1     Intake  Structure 

An  existing  dam  provides  the  necessary  impoundment  to  the  creek  to  provide  water  to  the 
plant  through  the  intake  system.  The  dam  is  constructed  using  stop  logs  and  is  located  in  close 
proximity  to  the  plant  at  the  north  end  of  the  site.  Raising  and  lowering  of  the  stop  logs 
controls  the  water  flow  to  the  plant.  The  intake  pipe  consists  of  a  250  mm  diameter  cast  iron 
pipe,  25  m  long  and  extending  from  the  intake  manhole  into  the  low  lift  wetwell. 
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Screening  is  used  to  prevent  objects  from  entering  the  low  lift  pumping  station  and 
subsequently  causing  damage  to  the  pumps.  A  manual  bar  screen  is  positioned  on  the  inlet  and 
a  fine  stationary  screen  with  6  mm  openings  is  located  on  the  outlet  of  the  manhole.  Spacing 
between  the  manually  cleaned  bar  screen  is  75  mm.  The  manhole  is  connected  to  the  intake 
feeding  the  low  lift  pumps. 

3.1.2  Low  Lift  Pumping 

The  low  lift  pumps  pump  raw  water  from  the  wetweU  to  the  treatment  unit.  The  low  lift 
pumping  station  is  equipped  with  two  (2)  submersible  pumps.  Each  pump  is  capable  of 
meeting  the  design  flow  and  has  a  capacity  of  14.3  L/s  and  a  total  dynamic  head  of  7.8  m. 

The  duty  low  lift  pump  operates  in  response  to  a  lowering  of  the  level  in  the  cleanvell.  The 
electric  starter  for  the  duty  pump  is  energized  and  water  is  pumped  from  the  wetweU  to  the 
inlet  of  the  package  plant.  The  pump  operates  at  a  constant  rate  untU  the  water  level  in  the 
reservoir  comes  up  to  top  water  level. 

3.1.3  Static  Mixing 

The  Koflo  in-line  mixer  is  constructed  of  316  stainless  steel,  and  is  150  mm  diameter  and 
752  mm  long.  The  mixer  is  located  in  line  between  the  low  lift  pumps  and  the  flocculation 
chambers.  PACl  is  added  upstream  of  the  mixer,  and  the  polymer  is  added  after  the  mixer. 
Coagulants  react  (hydrolyze)  in  water  very  quickly.  In  order  to  be  effective  the  chemical 
must  be  mixed  rapidly  and  thoroughly  to  come  in  contact  with  all  of  the  raw  water  dunng 
this  critical  stage.  The  effectiveness  of  the  process  is  determined  by  visual  observation  of 
floe  formation  within  the  treatment  flocculation  zone. 
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3.1.4  Flocculation 

After  the  static  mixer,  the  coagulant  water  is  allowed  to  flocculate  in  a  series  of  flocculation 
tanks.  The  package  plant  has  three  flocculation  tanks  arranged  in  series,  each  equipped 
with  vertical  paddle-type  mixers.  Mixer  speed  is  pre-set  in  the  first  two  tanks  and  the 
control  is  on/ofF.  The  mixer  in  the  final  tank  has  variable-speed  control  which  can  be 
manually  set  at  different  speeds  to  optimize  the  process.  The  first  two  tanks  are  equal  in  size 
and  the  final  tank  is  equal  in  size  to  the  first  two  combined.  Water  enters  the  first  tank  at 
the  top  tangential  to  the  mixer  direction.  Water  exits  the  first  tank  and  enters  the  second 
tank  along  the  bottom  of  a  common  wall  that  divides  them.  Water  exits  the  second  tank 
and  enters  the  final  tank  through  a  rectangular  opening  in  the  comer  of  the  tank 
approximately  halfway  between  the  top  and  bottom  of  the  tank.  Water  exits  the  final  tank 
through  two  circular  orifices  that  lead  to  the  bottom  of  the  settling  tank.  The  energy 
gradient  (Gt)  factors  for  the  three  flocculation  tanks  at  design  capacity  (1,232  m^/d)  are  well 
below  the  level  recommended  by  the  MOE  Guideline  (MOE,  April  1982),  reducing  potential 
for  floe  shearing. 

3.1.5  Sedimentation 

The  package  plant  was  supplied  with  one  clarifier  including  a  layer  of  plastic  tube  settlers 
inclined  at  a  60  degree  angle  to  the  horizontal.  Sludge  accumulated  in  the  tubes  settles  out  by 
gravity  and  collects  in  the  sludge  bed  in  the  bottom  of  the  clarifier.  The  overall  dimensions  of 
the  clarifier  are6.7mx2.7mx2.44m  deep.  The  rise  rate  for  the  plant  rated  capacity  is  2.84 
m/h.  The  MOE  guideline  for  this  type  of  clarifier  is  3.8  to  5.8  m/h. 

3.1.6  Filtration 

A  two  compartment  gravity  dual  media  filter  is  part  of  the  plant.  The  two  filters  are  operated 
in  parallel  at  a  filtration  rate  of  7.6  m/h  at  plant  rated  capacity.  This  is  below  the  MOE 
recommended  rate  of  9  m/h  for  a  plant  of  this  size  and  type.  The  overall  surface  area  for  the 
two  filters  is  3.4  m'  (2.5  m  x  1.35  m)  per  filter.  Effluent  fi-om  the  filters  is  discharged  to  the 
clearwell  located  below  the  filter  and  chemical  area. 
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There  is  a  separate  backwash  pump  drawing  water  from  the  clearweU.  The  backwash  pump  is 
a  single  vertical  turbine  with  a  capacity  of  47  L/s  at  a  total  dynamic  head  of  15  m. 

3.1.7  Qearwell  and  Reservoir 

A  480  m-  in-ground  treated  water  clearweU  is  located  under  the  packaged  plant  and  chemical 
area.  The  clearweU  consist  of  four  (4)  ceUs  with  valved  interconnections.  An  in-ground 
reservoir  with  an  approximate  volume  of  506  m'  is  located  in  town  to  provide  additional 
storage  required  for  peak  hour,  fire  and  emergency  storage  needs. 

3.1.8  Hi^h  Lift  Pumpin2 

Water  from  the  reservoir  is  pumped  to  the  distribution  system  by  three  high  lift  vertical  turbine 
pumps,  each  rated  at  10.8  L/s  with  a  total  dynamic  head  of  46  m. 

3.1.9  Wastewater  Disposal 

There  are  two  backwash  wastewater  holding  tanks  with  a  capacity  of  24.6  m'  each.  The  two 
tanks  are  capable  of  holding  the  contents  of  one  filter  backwash  and  one  sludge  blowdown. 
Flow  can  be  directed  to  either  tank  on  alternating  days.  When  the  level  reaches  a  certain  level, 
an  ultra  sonic  sensor  activates  submersible  wastewater  transfer  pumps  located  in  each  tank  to 
pump  to  the  settling  tank.  Transfer  is  done  in  batches  to  aUow  the  sludge  to  settle  in  the 
settUng  tank  and  supernatant  to  be  transferred  in  between  pumping.  The  supernatant  is 
discharged  to  the  creek,  and  the  accumlated  sludge  is  coUected  by  truck  and  discharged  to  the 
municipal  lagoon. 
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3.2        CHEMICAL  FEED  SYSTEMS 

The  chemical  feed  systems  used  at  the  plant  at  the  beginning  of  the  study  are  summarized  as  follows: 
Process  Function  Chemical  Locations  Added 

Primary  coagulant  PACl  In-line  static  mixer  on  the  raw 

water  line. 

Coagulant  aid  LT35  polymer  Low  lift  header  after  the  in-line 

mixer. 

Disinfection  Sodium  Hypochlorite  Pre:  In  the  wetwell. 

Post:  High  lift  pumps  header. 

3.2.1  PACl 

Polyaluminum  chloride  (PACl)  is  stored  in  a  1 5  m^  fibreglass  tank.   The  storage  tank  contains 

219  days  of  coagulant  supply  at  maximum  day  demand.  PACL  is  transferred  to  a  454  L  day 
tank.  Two  diaphragm  metering  pumps  (one  duty  and  one  standby)  dose  the  coagulant.  The 
chemical  is  transferred  via  a  feed  line  installed  in  the  low  lift  pump  discharge  pipe  up-stream  of 
the  in-line  static  mixer.  The  dosage  applied  is  approximately  20  mg/L  all  year  around,  but  is 
capable  of  60  mg/L  at  14.3  L/s  flowrate. 

3.2.2  Polymer  Feed 

The  coagulant  aid  used  at  the  plant  is  Percol  LT35  in  a  liquid  form.     The  dosage  is 

approximately  0.5  mg/L.  The  polymer  solution  is  fed  into  the  low  lift  pumps  header,  between 
the  in-line  mixer  and  the  first  flocculation  tank.  This  has  not  been  used  for  over  a  year  because 
the  operator  reports  that  LT35  addition  has  no  effect. 

3.2.3  Disinfection 

At  the  beginning  of  the  study,  a  12  %  nominal  strength  sodium  hypochlorite  solution  was 

added  to  the  raw  water  via  a  difiliser  located  at  the  inlet  to  the  low  lift  wetwell.  The  applied 
dosage  ranged  from  1.5  to  2.1  mg/L.  Two  chemical  feed  pumps  (one  duty  and  one  standby) 
were  used  for  dosing.  Each  pump  was  capable  of  delivering  a  maximum  of  3.8  L/h  at  760 
kPa,  which  would  result  in  a  maximum  dosage  of  7.4  mg/L  at  plant  capacity.  The  pump 
operation  was  controlled  by  the  operation  of  the  low  lift  pumps.  Dosage  rate  was  controlled 
by  manually  adjusting  the  stroke  length. 
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Post-chlorine  disinfection  was  done  at  the  high  lift  pump  header  with  two  dosing  pumps 
(one  duty,  one  standby).  Each  pump  is  capable  of  delivering  a  maximum  of  3.8  L/h  at  760 
kPa,  which  would  equate  to  a  maximum  dosage  of  4.9  mg/L  at  maximum  pumping  rate. 
Pacing  for  the  pumps  was  provided  through  a  4-20  mA  control  loop  fi-om  the  treated 
water  flow  meter.  The  applied  dosage  varied  from  1.4  to  2.3  mg/L.  The  pre  and  post 
chlorine  dosing  pumps  were  operated  to  maintain  a  free  chlorine  residual  in  the  treated 
water  leaving  the  plant  of  approximately  1 .0  mg/L. 

3.3  FLOW  MEASUREMENT 

The  operation  of  the  high  lift  pumps  is  controUed  by  the  level  of  the  in-ground  resen'oir  located  in 
Town.  The  treated  water  flow  rate  is  measured  by  a  magnetic  type  flow  meter  on  the  high  lift 
discharge  and  recorded  on  a  chart  recorder.  Raw  water  flow  is  also  measured  with  a  magnetic  type 
meter. 

3.4  HTSTORICAL  DATA 

Historical  data  from  January  to  December  1996  for  turbidity,  colour,  pH,  alkalinity,  THMs,  dissolved 
organic  carbon  (DOC)  and  aluminum  residual  found  in  the  raw  and  the  treated  water  are  presented  in 
Table  3.1.  The  water  samples  were  analyzed  by  the  Ministry  of  the  Environment  Central  Laboratory. 
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A  summary  is  presented  below: 


Parameters 

Turbidity  -  Raw  Water: 
Turbidity  -  Treated  Water: 
Colour  -  Raw  Water: 
Colour  -  Treated  Water: 
DOC  -  Raw  Water: 
DOC  -  Treated  Water: 
pH  -  Raw  Water: 
pH  -  Treated  Water: 
-Salinity  -  Raw  Water: 
Alkalinity  -  Treated  Water: 
Aluminum  -  Raw  Water: 
Aluminum  -  Treated  Water: 
THMs  -  Treated  Water: 
THMs  -  Distribution  System: 


Units 

Range 

Averase 

NTU 

0.8  to  5.8 

2.1 

NTU 

0.1  to  0.9 

0.4 

TCU 

9    to  39 

23 

TCU 

2    to    11 

5 

mg/L 

0.5  to  7.5 

5.0 

mg/L 

2.0  to  6.2 

3.9 

7.6  to  8.5 

8.0 

7.3  to  8.4 

7.9 

mg/L-CaCOs 

180  to  227 

208 

mg/L-CaCOs 

164  to  212 

197 

^g/L 

10  to   14 

12 

^g/L 

10  to  1,900 

476 

Ug/L 

77  to  194 

148 

^g/L 

82  to  158 

121 

The  variation  in  colour  for  the  raw  and  the  treated  water  is  presented  in  Figure  3.2.  Historical 
data  for  1996  indicated  a  raw  water  colour  ranging  from  9  to  39  TCU  with  a  peak  value  measured 
in  October.  The  colour  in  the  treated  water  varied  from  2  to  1 1  TCU  for  an  average  of  5  TCU. 
The  monthly  average  colour  exceeded  the  Ontario  Drinking  Water  Objective  (ODWO)  of  5  TCU 
for  a  total  of  three  months  in  1996.  Colour  is  referred  as  an  aesthetic  parameter  but  remains  of 
importance  since  it  is  often  indicative  of  high  levels  of  organics  in  the  raw  water  which  can  lead  to 
high  THMs  formation. 

The  average  concentration  of  dissolved  organic  carbon  (DOC)  in  the  raw  water  was  5  mg/L. 
DOC  levels  in  the  treated  water  varied  from  2.0  to  6.2  mg/L  for  an  average  of  3.9  mg/L.   This  is 
below  the  ODWO  of  5  mg/L     High  levels  of  colour  and  DOC  in  the  raw  and  treated  water 
present  a  higher  potential  for  THMs  formation  since  organics  in  the  water  will  react  with  free 
chlorine  to  form  THMs. 
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High  levels  of  THMs  were  observed  in  July,  September  and  October  of  1996.  The  average  THMs 
values  for  that  year  in  the  treated  water  and  the  distribution  system  were  148  and  121  \j.gT^ 
respectively,  which  is  in  excess  to  the  new  ODWO  guideline  of  100  ug/L. 

The  variation  of  turbidity  for  the  Warkworth  treatment  plant  is  presented  in  Figure  3.3.  The  raw 
water  turbidity  was  variable  and  ranged  from  0.8  to  5.8  NTU  uith  peak  values  measured  in 
August  and  November  (3.0  and  5.8  NTU  respectively).  The  turbidity  in  the  treated  water  ranged 
from  0.1  to  0.9  NTU  for  an  average  of  0.4  XTU  The  effluent  turbidity  is  below  the  ODWO  of 
1.0  NTU,  but  remains  above  the  objective  for  this  study  of  0.1  NTU  for  protection  against 
Cryptosporidium  and  giardia. 

The  pH  of  the  raw  water  is  relatively  high  and  varied  from  7.6  to  8.5  for  an  average  of  8.0.  There 
is  no  pH  adjustment  performed  on  the  raw  water  therefore  the  pH  of  the  treated  water  remains 
ahnost  the  same  with  an  average  pH  of  7.9. 

The  aluminum  residual  in  the  raw  water  was  low  and  generally  below  14  ugL.  The  aluminum 
residual  in  the  treated  water  was  widely  variable  and  ranged  from  10  to  1,900  ug/T..  The  highest 
values  were  measured  in  January  and  Februan,-.  The  ODWO  for  aluminum  in  the  treated  water  is 
100  |J.g/L.  This  guideline  is  not  health  related  but  is  an  operational  guideline  set  to  reduce  post 
precipitation  of  alum  in  the  distribution  system. 
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4.0        PERFORMANCE  ASSESSIVIENT 


4.1         1997  WATER  SAMPLING 

Water  samples  were  coUected  at  the  treatment  plant  in  July  and  August  1997  to  establish  a  baseline  for 
THMs  versus  the  level  of  colour  and  total  organic  carbon  (TOC).  Maxxam  Analytics  Inc.  analyzed  the 
samples.  The  results  obtained  from  6  weeks  of  sampling  are  summarized  in  Table  4.1.  The  operation 
data  coUected  at  the  plant  for  the  days  of  sampling  including  average  daily  flow,  turbidity,  raw  water 
temperature  and  chemical  dosages  are  presented  in  Table  4.2. 

The  critical  parameters  exceeding  the  objectives  of  this  optimization  study  during  the  1997  water 
sampling  are  summarized  as  follows: 

•  The  average  pH  of  the  raw  water  is  8.2,  which  is  high  and  would  contribute  to  the  high 
aluminum  residual  in  the  treated  water 

•  The  raw  water  turbidity  measured  at  the  plant  (Table  4.2)  varied  from  1.8  to  2.5  NTU. 
The  average  treated  water  turbidity  ranged  from  0.2  to  0.7  NTU  for  an  average  of  0.4 
NTU.  The  turbidity  did  not  exceed  the  ODWO  of  1  NTU  but  exceeded  the  operational 
objective  of  this  study  of  0.1  NTU.  An  option  available  to  improve  particulate  removal  is 
to  optimize  the  coagulant  and  coagulant  aid  dosage  through  jar  testing,  and  possibly 
adjustment  of  the  pH  of  the  raw  water. 

•  The  THMs  measured  in  the  treated  water  at  the  plant  varied  from  56  to  170  lag/L,  for  an 
average  of  116  ng/L.  The  THMs  levels  in  the  distribution  system  varied  from  52  to  230 
Hg/L,  for  an  average  of  125  |ag/L.  The  THMs  during  the  summer  of  1997  exceeded  the 
new  ODWO  of  100  ng/L.  An  option  available  to  reduce  the  formation  of  THMs  is  to  stop 
pre-chlorination  of  the  raw  water  and  post-chlorinate  the  treated  water  leaving  the  filter. 
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The  water  samples  taken  in  the  distribution  system  for  THMs  analysis  were  quenched  with  sodium 
thiosulfate  to  remove  any  chlorine  residual  to  stop  fiirther  reaction  between  free  chlorine  and  organics. 
Quenched  water  samples  will  maintain  the  same  level  of  THMs  as  existed  at  the  time  of  sampling 
representing  the  quality  experienced  by  the  consumer.  The  water  samples  taken  at  the  water  treatment 
plant  for  THMs  analysis  were  not  quenched,  the  reason  being  to  simulate  the  eflfect  of  additional 
contact  time  in  the  distribution  system  versus  the  development  of  THMs. 

Based  on  THMs,  colour  and  TOC  analysis  performed  for  the  Warkworth  Water  Treatment  Plant,  there 
is  some  evidence  of  a  relation  between  the  level  of  colour  or  TOC  in  the  water  and  the  level  of  THMs 
formed.  The  highest  THMs  level  was  measured  at  a  time  when  TOC  was  the  highest  as  would  be 
expected.  The  weak  THMs-colour  correlation  may  be  attributed  to  the  limited  number  of  samples 
collected,  and  the  variable  level  of  chlorine  residual.  Other  factors  which  may  have  contributed  to  the 
poor  correlation  include  the  relatively  narrow  range  of  colour  value  observed,  and  the  analytical 
variability  for  THMs  analysis.  The  detection  limit  of  the  analytical  procedures  and  the  method 
reference  used  by  Maxxam  Analytics  is  simimarized  in  Appendix  D. 

Additional  analysis  were  performed  to  evaluate  the  level  of  haloacetic  acids  (HAAs)  in  the  treated 
water.  HAAs  are  by-products  of  disinfection  with  chlorine  reacting  with  humic  substances. 
HAAs  may  be  of  concern  to  human  health.  Currently,  there  is  no  guideline  in  Ontario  regulating 
the  maximum  level  of  HAAs  in  drinking  water.  The  US  Environmental  Protection  Agency 
(USEPA)  has  proposed  regulating  five  major  HAAs  in  the  upcoming  Disinfectants/Disinfection 
By-products  (D/DBP)  Rule  -  monochloroacetic  acid  (MCAA),  DCAA,  TCAA,  monobromoacetic 
acid  (MBAA),  and  dibromoacetic  acid  (DBAA).  In  the  first  stage  of  the  D/DBP  Rule,  the 
proposed  maximum  contaminant  level  is  60  ng/L  for  the  total  concentration  of  these  five  HAAs. 
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Samples  were  taken  in  the  treated  water  at  the  plant  and  in  the  distribution  system  for  HAAs 
analysis.  The  samples  taken  at  the  plant  were  unquenched  and  the  samples  in  the  distribution 
system  were  quenched  with  ammonium  chloride  to  stop  any  further  formation  representing  the 
quality  experienced  by  the  consumer.  The  level  of  HAAs  in  the  treated  water  at  the  plant  varied 
from  114  to  141  fig/L  for  an  average  of  130  ng/L.  HAAs  concentrations  in  the  distribution 
system  varied  from  88  to  123  |ig/L  for  an  average  of  101  jig/L. 
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4.2        PROCESS  UNIT  ASSESSMENT 

The  performance  evaluation  for  the  different  process  units  is  presented  below: 

4.2.1  Mixing 

Chemical  mixing  is  provided  by  an  in-line  static  mixer  installed  on  the  low  lift  pump  header 
immediately  after  the  polyaluminum  chloride  (PACl)  injection  to  provide  adequate  mixing  of 
treatment  chemical. 

4.2.2  Flocculation 

The  three  flocculation  tanks  are  designed  to  provide  a  mixing  zone  to  promote 
flocculation/coagulation.  Polymer  (Percol  LT35)  is  added  to  the  low  lift  pump  header  after  the 
in-line  static  mixer  and  before  the  tanks.  The  calculated  input  energy  (Gt  factor)  for  the  first 
and  second  compartments  is  1,633  at  maximum  daily  flow  (488  m'Vd)  when  the  plant  is 
operated  only  8  hours  per  day.  This  represents  an  equivalent  maximum  daily  flow  rate  of  1,464 
m7d  (488  mVd  x  24/8).  The  first  two  flocculation  tanks  are  equipped  with  a  constant  speed 
motor.  The  GT  factor  for  the  third  flocculator  which  is  provided  with  a  variable  speed  motor  is 
3,261  for  a  total  Gt  factor  in  the  three  tanks  of  6,527.  This  is  lower  than  the  minimum  GT 
value  recommended  by  the  MOE  (50,000). 

The  most  critical  factor  to  promote  floe  formation  at  the  Warkworth  plant  is  to  provide 
suflBcient  contact  time  in  the  flocculation  tanks.  At  present  the  floe  formed  is  very  small  which 
is  a  common  problem  of  low  turbidity  and  high  colour  in  the  raw  water.  The  total  contact  time 
is  28  minutes  at  design  capacity  (1232  m^/d).  Since  the  plant  is  operated  at  fiill  rate  for 
approximately  8  hours  per  day  the  residence  time  applies  to  the  existing  operation.  This  will 
contribute  to  formation  of  small  diflBcult  to  settle  floe.  A  total  contact  time  of  48  minutes  could 
be  provided  by  reducing  plant  flow  rate  by  one-half 
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4.2.3  Qarification 

The  rise  rate  in  the  clarifier  at  design  capacity  (1232  m-7d)  is  3.37  m/h  which  is  below  the  MOE 
guideline  (3.8  to  5.8  m/h).  Similar  to  the  discussion  regarding  flocculation  the  plant  is  run  at 
full  rate  for  approximately  8  hours.  Even  with  a  low  rise  rate  the  unit  is  not  performing  very 
well  with  frequent  pin  floe  carr>'  over  to  the  filter.  A  longer  residence  time  and  lower  rise  rate 
would  help  to  settle  the  floe. 

4.2.4  Filtration 

The  filtration  rate  of  the  two  filters  is  9.04  m/h  when  the  plant  is  operated  at  design  capacity 
(1232  m'Vd)  for  only  8  hours  per  day.  This  is  conservative  compared  to  the  MOE  guideline  (9 
to  12  m/h),  indicating  that  the  filters  should  be  capable  of  efficient  mrbidity  removal.  The 
filtration  process  would  be  greatly  improved  by  improving  solids  settling  in  the  clarifiers  to 
reduce  floe  carry  over.  A  stronger  and  bigger  floe  can  be  developed  by  optimizing  chemical 
dosage  and  coagulant  aid  selection. 

4.2.5  Disinfection 

Disinfection  of  drinking  water  is  the  most  important  aspect  of  the  treatment  process.  Harmful 
organisms  in  water  such  as  bacteria,  viruses  or  cysts  can  cause  illness  ranging  from  minor 
intestinal  disorders  to  potentially  fatal  infections.  Maintaining  an  efiective  disinfection  system 
must  be  the  overriding  priority  of  the  plant  operations.  For  surface  waters,  chlorination  with  a 
'free'  residual  is  the  most  common  and  most  practical  method  of  disinfection.  To  be  effective, 
the  treated  water  must  be  very  low  in  turbidity  as  suspended  particles  can  shield  bactena  and 
viruses  from  the  eflfects  of  chlorine.  Turbidity  levels  greater  than  0.1  NTU  indicate  an 
increased  probability  of  chlorine  resistant  cysts  being  present. 

To  achieve  a  safe  level  of  disinfection,  it  is  necessary  to  dose  the  treated  water  with  a 
sufficient  amount  of  chlorine  to  produce  a  'free'  residual,  and  to  give  the  chlonne 
sufficient  time  to  inactivate  the  potentially  harmfijl  organisms.  This  is  called  the 
concentration-time  factor  or  CT,  also  referred  to  as  the  primary  disinfection  stage. 
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Sufficient  CT  must  be  achieved  at  the  treatment  plant  before  the  first  service  connection. 
Current  MOE  guidelines  call  for  a  minimum  residual  of  0.5  mg/L  for  a  minimum  contact 
time  of  30  minutes  after  filtration.  This  disinfection  guideline  for  water  treatment  plants  in 
Ontario  is  under  review,  and  the  new  guideline  may  be  similar  to  the  Surface  Water 
Treatment  Rule  (SWTR)  promulgated  by  U.S.  Environmental  Protection  Agency  (U.S. 
EPA).  The  SWTR  established  CT  values  for  chlorine,  chlorine  dioxide,  ozone  and 
chloramines  required  to  achieve  adequate  inactivation  of  giardia  cysts  and  viruses  For  the 
purpose  of  calculating  CT  value,  T  is  the  time  (in  minutes)  it  takes  the  water,  during  peak 
plant  flows,  to  move  between  the  point  of  disinfectant  application  and  a  point  where,  C, 
residual  disinfectant  (in  mg/L)  concentration  is  measured  just  prior  to  the  first  customer. 
The  calculation  must  account  for  the  degree  of  short  circuiting  in  the  storage  tank. 

For  fi-ee  residual  chlorination,  the  CT  required  is  based  on  the  inactivation  of  giardia  cysts  in 
cold  water.  Qardia  cysts  are  harder  to  inactivate  by  fi^ee  chlorine  than  viruses,  therefore,  it  is 
implied  that  proper  inactivation  of  giardia  cysts  will  ensure  inactivation  of  viruses.  Disinfection 
with  chlorine  is  not  effective  for  the  inactivation  of  Cryptosporidium.  Therefore,  it  is  necessary 
to  perform  adequate  filtration  at  the  water  treatment  plant  for  any  municipality  at  risk  of 
Cryptosporidium  outbreaks. 

Secondary  disinfection  refers  to  the  maintenance  of  a  residual  in  the  distribution  system  to 
protect  against  bacterial  re-growth  or  minor  cross  connection  contamination.  This  maintenance 
residual  is  commonly  achieved  with  'fi'ee'  chlorine,  but  alternatively  can  be  converted  to 
chloramine  or  'combined'  residual  with  the  addition  of  ammonia.  Chloramines  have  the 
advantage  of  being  more  stable  and  lasting  much  longer  in  the  system.  They  also  do  not  react 
with  organics  to  form  THMs.  They  are  however  much  less  effective  as  a  disinfectant  and  are 
very  weak  in  inactivating  viruses  and  cysts.  Use  of  chloramine  as  a  primary  disinfectant  is 
therefore  not  recommended. 
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The  MOE  guidelines  recommend  a  minimum  free  chlorine  residual  of  0.2  mg/L  at  the  end  of 
the  distribution  system.  The  AWW^A  recommends  a  residual  of  1.0  mg/L  of  chloramine  be 
maintained  to  prevent  re-growtl-i  (AWWA,  1993).  These  chlorine  residuals  do  not  take  into 
consideration  water  characteristics  such  as  temperature  and  pH  that  aflfect  disinfection 
efficiency. 

According  to  the  SWTR,  all  community  and  non-community  public  water  systems  which  use  a 
surface  water  source  or  a  ground  water  under  the  direct  influence  of  a  surface  water  must 
achieve  a  minimum  of  99.9  percent  (3-log)  removal  and/or  inactivation  of  giardia  cysts. 
According  to  these  guidelines,  systems  uith  sewage  and  agricultural  discharges  to  the  source 
water  should  provide  treatment  to  achieve  an  overall  99.999  percent  (5-log) 
removal/inactivation  of  giardia  cysts,  while  the  minimum  required  3-log  removal/inactivation  is 
sufficient  for  sources  with  no  significant  microbiological  contamination  from  human  activities,  a 
4-log  removal/inactivation  of  cysts  should  be  provided  for  source  waters  whose  level  of 
microbiological  contamination  is  between  these  two  extremes. 

There  is  agricultural  activity  along  the  Mill  Creek,  but  it  is  reported  there  is  no  significant 
microbiological  contamination  from  human  activities.  Therefore,  a  4-log  removalAnactivation 
of  cysts  is  considered  appropriate.  Well-operated  conventional  treatment  plants  which  have 
been  optimized  for  turbidity  removal  can  be  expected  to  achieve  at  least  a  2.5-log  removal  of 
giardia  cysts.  The  minimum  turbidity  performance  criteria  for  systems  using  conventional 
treatment  is  that  the  filtered  water  turbidity-  must  be  less  than  or  equal  to  0.5  NTU  in  95 
percent  of  the  measurements  taken  every  month.  Results  collected  in  1996  and  1997  show  that 
the  filtered  water  turbidity  exceeds  0.5  NTU  at  times.  Some  modifications  to  the  filter 
performance  should  be  implemented  to  improve  the  overall  performance  of  the  filter  operation. 
This  procedure  is  explained  in  detail  in  Section  8.0.  The  required  CT  will  be  based  on  1 .5-log 
inactivation  of  giardia  cysts  (4.0  total  -  2.5  log  credit  for  filtration). 
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Examples  of  CT  calculations  for  different  water  temperatures  when  the  plant  is  operated 
at  rated  capacity  (1,232  m7d)  are  presented  in  Appendix  E. 

Based  on  the  "Guidance  Manual  for  Compliance  With  the  Filtration  and  Disinfection 
Requirements  for  Public  Water  Systems  Using  Surface  Water  Source"  (U.S.  EPA,  1990),  the 
baffle  condition  in  the  clearwell  expressed  as  Tio/T  factor  can  be  evaluated  to  estimate  the 
effective  contact  time  in  the  clearwell.  This  factor  represents  the  ratio  between  Tio,  which  is 
the  time  it  takes  10  percent  of  a  dye  or  tracer  to  pass  through  the  basin  outlet  after  it  is  injected 
into  the  basin  influent  flow,  and  the  theoretical  detention  time  for  plug  flow  in  pipelines  and 
flow  in  a  completely  mix  chamber.  When  tracer  studies  are  not  available,  a  description  of  the 
clearwell  and  bafiling  condition  can  be  used  to  estimate  the  Tio/T  factor. 

A  baffling  factor  Tio/T  of  0.5  was  used  for  the  calculations  representing  an  average  baffle 
condition  when  a  clearwell  includes  some  intra-basin  baffles.  The  clearwell  at  the  Warkworth 
Water  Treatment  Plant  is  divided  into  four  cells.  The  pH  of  the  raw  water  used  for  the 
calculations  was  8.0  and  remains  relatively  constant  through  the  year.  The  CT  calculations 
were  done  under  the  most  critical  condition  when  the  clearwell  is  70%  fUl.  The  control 
system  automatically  turns  the  low  lift  pump  on,  when  the  water  level  in  the  clearwell  is 
one  metre  below  the  maximum  water  level,  which  represent  70%  of  the  capacity  of  the 
clearwell.  This  should  reflect  the  situation  at  the  water  treatment  plant  where  the  package 
treatment  unit  is  producing  the  plant  rated  capacity  (1,232  m'/d),  and  the  high  lift  pumps 
are  pumping  at  peak  hourly  rate  to  the  distribution  system.  The  estimated  contact  time  in 
the  clearwell  under  these  conditions  is  estimated  to  be  196  minutes. 
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TABLE  4.3       Minimum  residual  free  chlorine  concentration  required  at  the 
cleanvell  outlet  for  inactivation  of  giardia  cysts 


CONDITIONS 

Free  Residual 

Chlorine 

Concentration 

(mg/L) 

C 

•     Temperature  of  the  raw  water;  0.5  "C 

0.74 

•     Temperature  of  the  raw  water:  5  °C 

0.51 

•     Temperature  of  the  raw  water:  10  °C 

0.38 

•     Temperature  of  the  raw  water:  15  °C 

0.25 

•     Temperature  of  the  raw  water:  20  °C 

: 

0.19 
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The  results  presented  in  Table  4.3  show  that  a  higher  chlorine  residual  is  required  during 
the  winter  since  lower  water  temperature  reduces  the  rate  of  inactivation.  The  free 
chlorine  concentration  required  during  the  winter  condition,  when  the  water  temperature 
is  around  0.5  °C  is  0.74  mg/L.  The  minimum  free  chlorine  concentration  required  during 
the  summer  for  a  water  temperature  of  20  °C  is  0.19  mg/L.  The  free  chlorine  residual 
must  be  measured  at  the  clearwell  outlet  (i.e.  from  cell  #4  in  clearwell).  The  free  chlorine 
residual  leaving  the  plant  was  maintained  to  approximately  1  mg/L  during  the  summer  of 
1997  by  the  existing  post-clearwell  feed.  The  operator  should  adjust  the  chlorine  feed  rate 
of  the  proposed  filter  effluent  feed  point  to  try  to  achieve  the  required  free  chlorine 
residual  in  the  clearwell  as  summarized  in  Table  4.3.  The  operator  should  always  ensure 
that  enough  chlorine  is  added  at  the  existing  post-clearwell  feed  point  to  maintain  a  free 
chlorine  residual  of  0.2  to  0.3  mg/L  at  the  end  of  the  distribution  system. 
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5.0        OFF-SITE  BENCH  SCALE  EVALUATIONS 


5.1        INTRODUCTION 

Jar  testing  was  conducted  by  the  MOE  Standards  Development  Branch  in  September  1997.  The 
primary  objective  of  this  study  was  to  determine  the  best  treatment  chemicals  to  improve  the 
performance  of  the  Warkworth  Water  Treatment  Plant  in  terms  of  colour  and  turbidity  removal. 
The  treatability  study  was  conducted  using  a  conventional  mode  of  treatment  consisting  of 
coagulation,  flocculation,  sedimentation  and  filtration,  as  per  the  plant's  mode  of  treatment.  All 
jar  testing  was  performed  at  approximately  15°C. 

The  raw  water  pH  at  Warkworth  is  quite  high  (8  and  over)  and  the  water  is  relatively  coloured 
v^dth  usually  low  turbidity,  making  coagulation  and  production  of  good  floe  difficult,  especially  in 
winter.  The  treatability  study  was  conducted  to  answer  the  following  questions: 

•  What  is  the  performance  of  the  coagulant  currently  used,  polyaluminum  chloride  (PACl),  and 
how  does  it  compare  to  acidified  alum? 

•  What  are  the  best  polymers  to  use  with  these  coagulants  to  develop  a  stronger,  easier  to  settle 
floe? 

•  How  do  these  coagulants  affect  final  pH?  Would  pre-adjustment  of  pH  be  beneficial? 
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5.2        JAR  TEST  SERIES  No.  1 

Water  for  the  first  series  of  tests  was  collected  on  September  22,   1997  from  the  stream 
impoundment  that  supplies  the  Warkworth  plant.  Water  quality  was  as  follows: 


Warkworth  Jar  Test  -  Series  No.  1 
Raw  Water  Quality 

Parameters 

Value 

Temperature 

12  °C 

Alkalinity 

220mg/L 

pH 

8.2 

Turbidity 

1.5  NTU 

True  Colour 

30TCU 

DOC 

5.4mg/L 

This  raw  water  quality  is  considered  "typical"  for  the  Warkworth  plant  when  runoff  from  storms 
is  not  affecting  the  Mill  Creek.  The  following  tables  are  summaries  of  all  the  jar  test  runs  that 
were  done.  The  actual  data  sheets  are  presented  in  Appendix  B. 

Run  No.l 

This  run  intended  to  find  the  optimum  dosage  of  PACl  while  using  Percol  LT35  polymer  (the 
polymer  used  at  the  plant).  Six  jars  were  run  at  PACl  dosages  from  20  to  45  mg/L.  The  plant 
was  dosing  at  35  mg/L.  LT35  dosages  were  held  constant  at  0.5  mg/L.  The  floe  in  all  six  jars 
was  very  poor  and  the  runs  abandoned. 


RAL  ENGINEERING  LTD. 


Page  32 


Run  No.  2 

It  was  believed  that  the  poor  resuhs  in  all  six  jars  in  run  No.l  were  likely  due  to  the  use  of  LT35. 
Therefore,  six  different  polymers  (LT20,  22,  24,25,  26,  27A)  were  tested  at  0.5  mgO.  together 
with  35  mg/L  of  PACl.  All  six  jars  produced  a  floe  that  was  much  better  than  the  floe  produced 
by  LT35.  The  best  floe  was  obtained  with  LT27A  (a  very  viscous  pol>Tner).  Po^Tner  LT20  and 
24  also  produced  good  floe.  The  aluminum  residuals  in  the  six  jars  were  all  well  o\er  100  ug/L. 
This  indicates  that  the  optimum  PACl  dose  was  higher  than  35  mg^L  or  that  the  pH  was  too  high 
for  complete  coagulation. 

Run  No.  3 

In  this  run,  LT  27A  at  0.5  mg/L  was  tested  and  compared  with  LT35  at  1.25  mg/L  to  confirm  the 
effectiveness  of  LT27A,  and  to  see  if  using  LT35  at  a  higher  dosage  would  improve  the  floe 
quality.  The  LT27A  again  produced  excellent  floe  while  the  LT35  produced  \en.-  poor  floe. 
From  this  point  on  all  runs  used  LT27A  as  the  coagulant  aid.  The  next  step  was  to  find  what  the 
optimum  PACl  dosage  was  based  on  supernatant  colour  and  turbidity  levels,  and  based  on  the 
aluminum  residual  of  filtrate. 

Runs  No.  4.  No.5  and  No.6 

A  total  of  18  jars  were  run  with  PACl  dosages  ranging  fi-om  20  to  80  mg/L.  LT27A  was  added  to 
all  jars  at  a  dosage  of  0.5  mg/L.  In  general,  as  PACl  dosages  increased  the  supernatant  colour 
and  turbidity  as  well  as  the  filtrate  aluminum  residuals  decreased.  A  minimum  aluminum  residual 
concentrafion  less  than  100  |ig/L  was  reached  at  a  dosage  of  70  mg/L. 

In  the  next  two  runs  acidified  alum  manufactured  b>-  .AJcan  was  tested  to  see  if  the  lower  pH 
produced  by  this  chemical  resulted  in  improved  quality  at  lower  dosages. 
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Run  No.  7 

Six  jars  were  run  with  Alcan  A5  acidified  alum  ranging  from  50  to  100  mg/L.  LT27A  was  added 
to  ail  jars  at  a  dosage  of  0.5  mg/L.  The  aluminum  residual  seemed  to  reach  its  minimum 
concentration  with  66  jig/L  at  an  AS  dosage  of  approximately  90  mg/L.  The  final  pH  at  this 
dosage  was  7.60  compared  to  7.88  for  the  optimum  PACl  dosage.  The  turbidity  and  colour 
removal  in  supernatant  was  not  as  good  as  that  with  PACl. 

Run  No.  8 

Six  jars  were  run  with  Alcan  A7  acidified  alum  ranging  fi-om  50  to  100  mg/L.   LT27A  was  added 
to  all  jars  at  a  dosage  of  0.5  mg/L.    The  optimum  A7  dosage  appeared  to  be  around  90  mg/L. 
The  final  pH  at  this  dosage  was  7.58  compared  to  7.60  for  A5  and  7.88  for  the  optimum  PACl 
dosage.  The  turbidity  removal  in  supernatant  was  not  as  good  as  that  with  PACl. 

Conclusions  from  Series  No.  1 

•  The  Warkworth  plant  should  abandon  the  use  of  LT  35  for  use  as  a  coagulant  aid. 

•  For  this  "typical"  Warkworth  raw  water  quality,  the  optimum  PACl  dosage  was  found  to 
be  70  mg/L. 

•  The  best  polymer  used  with  PACl  was  Percol  LT27A;  LT20  and  LT24  are  other  good 
choices. 

•  Limited  testing  indicated  that  there  were  no  significant  benefits  in  switching  to  acidified 
alum  based  on  dosages  required  and  final  treated  water  quality. 
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5.3       JAR  TEST  SERIES  No.  2 

Water  for  the  second  series  of  tests  was  collected  on  September  29,  1997  from  the  stream 
impoundment  that  supplies  the  Warkworth  plant.  Raw  water  quality  was  as  follows; 


Warkworth  Jar  Test  -  Series  No.  2 
1                Raw  Water  Quality 

1      Parameters 

Value 

1      Temperature 

14  °C 

Alkalinity 

196mg/L 

pH 

8.0 

Turbidity 

10.5  NTU 

True  Colour 

47TCU 

DOC 

8.3mg/L 

This  raw  water  quality  represents  the  situation  at  the  Warkworth  plant  when  runoff  is  affecting 
the  Mill  Creek.  The  following  are  summaries  of  all  the  jar  test  runs  that  were  done.  The  actual 
data  sheets  are  presented  in  Appendix  B. 

Run  No.  1 

This  run  was  intended  to  find  the  optimum  dosage  of  PACl  while  using  LT27A  at  0.5  mg/L  in  all 
jars.  The  PACl  dosages  ranged  from  60  to  110  mg/L.  A  minimum  aluminum  residual 
concentration  was  not  reached,  although  all  jars  were  less  than  100  iig/L.  Based  on  supernatant 
turbidity  and  colour,  the  optimum  dosage  appeared  to  be  around  90  mg/L. 
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Run  No.  2 

This  run  was  intended  to  find  the  optimum  dosage  of  A7  acidified  alum  while  dosing  LT27A  at 
0.5  mg/L  in  all  jars.  The  A7  dosages  ranged  from  70  to  120  mg/L.  A  minimum  aluminum 
residual  may  have  been  reached  at  a  dosage  of  100  mg/L,  but  it  was  difficult  to  evaluate  if  this 
result  was  based  on  other  factors  such  as  supernatant  turbidity  and  colour.  An  observation  was 
made  showing  that  floe  quality  was  a  little  better  at  dosages  less  than  100  mg/L. 

Run  No.  3 

Both  PACl  and  A7  were  tested  again  for  a  final  evaluation  of  their  optimum  dosages.  Three  jars 
received  PACl  at  dosages  of  50,  90,  and  120  mg/L.  The  other  three  jars  received  A7  at  dosages 
of  60,  100,  and  140  mg/L.  All  jars  were  tested  with  LT27A  at  0.5  mg/L. 

Based  on  supernatant  colour  and  turbidity,  the  best  PACl  dosage  was  90  mg/L.  It  should  be 
noted  that  a  minimum  concentration  was  never  reached  for  aluminum  residual  in  the  filtered 
water.  It  seems  that  with  PACl  the  minimum  will  only  be  reached  at  very  high  dosages  that  bring 
the  pH  down  to  a  range  of  7.0  to  7.5.  However,  a  higher  dosage  of  PACl  is  not  required  since 
the  levels  of  turbidity,  colour  and  aluminum  residuals  are  all  acceptable.  At  90  mg/L  in  runs  No.  1 
and  No. 3,  the  final  pH  was  7.68  and  7.64  respectively,  and  aluminum  residuals  were  68  and  63 
^ig/L  respectively.  The  supernatant  turbidities  were  less  than  0.2  NTU  and  colours  were  in  the  6 
to  8  TCU  range. 

Based  on  supernatant  colour  and  turbidity,  and  filtrate  aluminum  residual  in  runs  No. 2  and  No. 3, 
it  was  not  possible  to  conclusively  select  an  optimum  dosage  for  A7.  The  best  estimate  would  be 
an  optimum  dosage  of  110  mg/L.  At  this  dosage,  aluminum  residual  would  be  approximately  80 
(ig/L  and  final  pH  would  be  7.2  The  colour  and  turbidity  in  supernatant  was  approximately  10 
TCU  and  0.35  NTU  respectively,  not  as  good  as  PACl.  Once  again,  it  was  observed  that  with 
both  A7  and  PACl,  the  floe  quality  was  better  at  dosages  lower  than  that  required  for  best  colour, 
turbidity  and  aluminum  residual. 
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Run  No.  4 

This  run  was  to  determine  the  optimum  AlO  acidified  alum  dosage.  Six  jars  were  run  at  dosages 
ranging  from  50  to  150  mg/L.  All  six  jars  received  LT27A  at  0.5  mg/L.  The  optimum  dosage 
based  on  supernatant  turbidity  (0.28  NTU)  and  colour  (8  ACU),  and  filtrate  Aluminum  residual 
(0.076  mg/L)  was  1 10  mg/L.  At  this  dosage  the  final  pH  was  7.07.  Again,  it  was  interesting  to 
note  that  the  best  floe  quality  was  in  jars  where  AlO  was  underdosed. 

Run  No.  5 

In  this  run  PACl  was  added  at  dosages  ranging  from  50  to  150  mg/L.  The  objective  was  to  see  if 
a  minimum  aluminum  residual  could  be  reached  to  confirm  if  90  mg/L  is  the  optimum  dosage.  A 
minimum  aluminum  residual  was  not  reached.  Each  jar  progressively  had  a  lower  residual  ranging 
from  134  ^xg/L  in  the  first  jar  to  36  |ig/L  in  the  final  jar.  The  optimum  dosage  was  selected  at  90 
mg/L.  At  this  dosage  the  supernatant  turbidit>^  and  colour  were  0.14  NTU  and  5  ACU 
respectively.  The  aluminum  residual  was  70  ^ig/L  and  the  final  pH  was  7.63.  The  quality  in  jars 
with  higher  PACl  dosages  was  similar  to  the  jar  with  90  mg/L.  Again,  the  best  floe  was  found  in 
jars  that  were  underdosed.  The  floe  in  jars  with  PACl  dosages  above  90  mg/L  was  not  as  big  and 
strong  as  the  floe  in  jars  at  90  mg/L  and  less. 

Run  No.  6 

In  this  run,  pH  was  pre-adjusted  to  approximately  7.3  to  7.4  and  then  jars  were  dosed  with  PACl 
ranging  from  40  to  140  mg/L.  LT27A  was  added  at  0.5  mg/L  in  all  jars.  The  final  pH  in  the  jars 
ranged  from  7.34  to  7.02.  A  minimum  aluminum  residual  was  not  reached,  but  levels  were  very 
low,  ranging  from  44  to  23  |ig/L.  Supernatant  quality  did  not  improve  significantly  beyond  a 
dosage  of  100  mg/L,  and  was  not  better  than  runs  without  pre-adjustment  of  pH.  Aluminum 
residuals  were  lower  in  this  run  compared  to  runs  without  pre-pH  adjustment  The  optimum 
PACl  dosage  was  chosen  to  be  100  mg/L.  Once  again,  it  appeared  that  floe  quality  was  better  in 
underdosed  jars. 
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5.4        CONCLUSIONS 

The  following  are  general  conclusions  drawn  from  the  off-site  jar  testing  evaluation: 

•  The  optimum  result  for  turbidity  and  colour  removal  in  Series  No.l  for  "typical"  raw 
water  conditions  was  found  when  dosing  PACl  at  70  mg/L. 

•  For  the  raw  water  evaluated  in  jar  test  Series  No. 2  which  was  highly  turbid  and  coloured 
due  to  storm  runoff,  the  optimum  PACl  dosage  was  90  mg/L. 

•  Aluminum  residual  in  the  final  filtered  water  is  very  dependent  on  pH,  ahhough  residuals 
well  under  100  |ig/L  are  attainable  by  dosing  PACl  alone  and  without  pre-adjustment  of 
pH. 

•  Testing  indicated  that  pre-adjustment  of  pH  made  little  difference  in  terms  of  optimum 
PACl  dosage  or  floe  quality.  This  aspect  should  be  investigated  in  more  detail  before  the 
municipality  commits  to  the  purchase  of  a  pre-pH  adjustment  system. 

•  Better  quality  effluent  was  obtained  at  dosages  somewhat  higher  than  was  required  to 
produce  good  floe. 

•  The  best  polymer  used  with  PACl  was  Percol  LT27A.  LT20  and  LT24  are  other  good 
choice. 

•  There  seems  to  be  no  advantage  in  switching  to  acidified  alum  based  on  water  quality  or 
optimum  dosages. 
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6.0        ON-SITE  TESTING 


6.1        FILTER  TO  WASTE 

Wasting  treated  water  during  the  initial  stage  of  a  filter  run  is  a  procedure  that  is  commonly  used 
to  lower  the  risk  of  re-introducing  waterbome  pathogens  such  as  cysts  in  a  water  supply. 
Typically,  during  the  initial  stages  of  a  filter  run,  the  amount  of  particles  in  the  filter  eSluent  is 
elevated.  Following  this  stage,  the  particulate  level  drops  quickly  and  is  stable  over  a  long  period. 
During  the  late  stages  of  a  filter  run,  the  particulate  level  gradually  increases  and  backwashing  is 
required.  The  Warkworth  plant  was  designed  with  the  capabihty  to  filter  to  waste.  In  the  present 
backwashing  procedure,  fiher  effluent  is  wasted  after  washing  for  1  minute  at  a  reduced  rate.  On- 
site  work  was  done  to  assess  what  the  filter  to  waste  duration  should  be  at  normal  filter  rates. 

Turbidity  profiles  were  measured  on  the  fiher  effluent  on  three  occasions.  A  filter  was  put 
through  its  normal  backwashing  sequence  and  then  placed  into  service  Samples  were  collected 
for  turbidity  measurements  fi"om  the  filter  effluent  pipe.  This  pipe  was  not  under  pressure, 
therefore,  plastic  tubing  was  inserted  into  a  valve  opening  to  intercept  the  filter  effluent.  A 
HACH  21  OOP  turbidimeter  was  used  for  measurements.  Samples  were  gently  agitated  before 
measurement  to  counteract  any  setthng  that  may  have  occurred  in  the  sample  bottles.  The 
measurements  were  made  at  the  Warkworth  plant  shortly  after  sample  collection. 
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The  results  for  the  first  water  sampling  on  filter  No.  1  are  presented  in  Table  6. 1 . 


TABLE  6.1  Filter  to  waste  turbidity  profile  -  Filter  No.l  First  water  sampling 


1 

W arkworth  Water  Treatment  Plant 

Filter  to  W  aste  Turbidit>  Profile 

(Filter  No.l  -  First  Sampling) 

Elapsed  Run  Time 
(min) 

Filter  Effluent  Turbidity 

(NTU) 

1 

0.93* 

2 

1.35 

1.33 

5 

0.42 

7 

0.45 

10 

0.59 

15 

1.03 

30 

2.54 

45 

2.94 

Location:  Filter  No.  1 
Date:  November  19,  1997 
Raw  Turbidit>':  1.3  NTU 
Raw  Apj).  Colour:  29  ACU 

*  May  be  low.  Bottle  was  not  agitated  before  measurement. 

The  Filter  No.  1  (see  Figure  3.1)  was  in  service  for  two  days  before  being  backwashed.  A  pin  floe 
was  formed  in  the  plant  and  none  was  being  removed  by  the  tube  settlers.  The  filters  were 
overloaded.  The  reason  why  turbidity  is  lower  for  the  first  10  or  15  minutes  is  that  the  filter  is 
treating  water  from  the  filter  box  and  settling  tank  that  has  settled  for  hours  after  plant  shutdown. 
The  minimum  turbidit>'  level  was  reached  at  5  minute  mark. 
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The  results  for  the  water  sampling  on  filter  No.2  are  presented  in  Table  6.2. 


TABLE  6.2  Filter  to  waste  turbidity  profile  -  Water  sampling  on  filter  No.2 


1                              VVarkworth  W  ater  Treatment  Plant 

Filter  to  Waste  Turbidity  Profile 
1                                 (Water  Sampling  on  Filter  No.2) 

Elapsed  Run  Time 
(min) 

Filter  Effluent  Turbidity 
(NTU) 

1 

1.11 

2 

0.88 

3 

1.46 

4 

0.49 

5 

0.33 

7 

0.46 

10 

0.31 

15 

0.46 

20 

0.60 

30 

0.64 

60 

1.32 

Location;  Fiher  No.  2 
Date:  February  16,  1998 
Time:  9:00 

Raw  Turbidity:  1.3  NTU 
Raw  App.  Colour:  32  ACU 

The  filter  No.2  was  due  for  a  backv^'ash.  The  performance  was  better  than  measured  for  filter 
No.  1  on  November  19.  Regardless,  the  minimum  turbidity  level  was  also  achieved  after  5  minutes 
filtration. 
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To  verify  the  performance  of  filter  No.l,  a  turbidity  profile  was  performed  again.  The  results  for 
the  water  sampling  are  presented  in  Table  6.3. 

TABLE  6.3  Filter  to  waste  turbidity  profile  -  Filter  No.l  second  water  sampling 


Warkworth  Water  Treatment  Plant 

Filter  to  Waste  Turbidity  Profile 

(Filter  No.l  -  Second  Water  Sampling) 

Elapsed  Run  Time 
(min) 

Filter  Effluent  Turbidity 

(NTU) 

1 

0.72 

2 

0.64 

3 

0.65 

4 

0.30 

5 

0.18 

7 

0.29 

10 

0.31 

15 

0.15 

30 

0.46 

Location:  Filter  No.l 
Date:  Feb.  16/98    Time:  10:30 
Raw  Turbidity:  1.3  NTU 
Raw  App.  Colour:  32  ACU 

The  filter  was  halfway  through  its  run  prior  to  backwash,  hence  the  lower  turbidities  than  filter 
No. 2.  Once  again,  the  minimum  turbidity  level  was  achieved  at  5  minutes. 
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The  sampUng  has  shown  that  the  filter  to  waste  period,  should  it  be  implemented,  would  have  to 
be  a  minimum  4  to  5  minutes  but  could  be  longer.  Further  testing  is  required  when  the  plant 
process  has  been  optimized  to  confirm  this  period.  The  data  also  shows  that  turbidity 
breakthrough  occurs  early  in  the  filter  run.  This  is  likely  due  to  the  poor  flocculation  and  settUng 
performance  of  the  plant,  especially  during  the  cold  water  period.  Measures  such  as  optimized 
polymer  selection  and  addition,  optimized  mixing,  and  pre-pH  adjustment  for  coagulation  should 
be  beneficial  in  improving  the  quality  of  the  clarifier  supernatant  prior  to  entering  the  filters.  The 
early  turbidity  breakthrough  is  not  detected  by  routine  sampling  of  plant  effluent;  settling  is 
probably  occurring  in  the  clearwell  before  the  high  lift  sampling  point. 


6.2        POLYMER  FEED  TRIALS 

The  plant  has  facilities  for  polymer  addition  consisting  of  a  day  tank,  feed  pump,  and  a  system  for 
diluting  polymer  solution  before  injection.  The  point  of  addition  is  in  the  pipe  that  feeds  the 
package  plant,  after  coagulant  addition  and  2  to  3  metres  before  the  pipe  enters  the  flocculation 
tanks  in  the  package  plant. 

The  plant  has  historically  used  a  liquid  polymer  (Allied  Colloids  Percol  LT35)  as  a  coagulant  aid. 
The  operator  has  indicated  that  it  has  never  been  effective  in  building  a  suitable  floe.  The  floe  that 
is  formed  is  tiny  and  difficult  to  settle,  especially  in  winter  when  temperatures  and  turbidity  are 
lowest.  Jar  testing  conducted  by  MOE  in  1997  in  support  of  this  study  (Section  5.0)  also 
indicated  that  LT35  is  a  very  poor  coagulant  aid  compared  to  neariy  all  other  polymers  that  were 
investigated.  The  manufacturer  also  indicated  that  the  Percol  liquid  polymers  are  designed  to 
fiinction  as  coagulants  and  should  not  be  expected  to  build  a  strong  floe.  For  these  reasons,  an 
alternative  polymer  is  needed  to  improve  floe  formation  and  settling. 
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There  are  no  facilities  at  Warkworth  for  solution  makeup  using  dry  polymers.  As  a  result, 
solutions  were  prepared  at  the  MOE  laboratory  and  immediately  sent  to  the  plant.  Recommended 
solution  life  is  48  to  72  hours;  the  trials  were  completed  within  three  days  of  makeup.  The  feed 
solution  was  made  to  a  concentration  of  0.5  mg/L.  It  would  not  have  been  possible  to  feed 
polymer  solutions  of  a  lower  concentration  at  the  required  dosages  because  of  the  small  size  of 
the  feed  pump.  At  the  normal  plant  flow  rate  of  14.2  L/s  (1,232  m^/d)  with  a  0.5%  solution,  a 
dosage  of  almost  0.4  mg/L  is  achieveable.  The  feed  pump  for  PACl  is  also  small;  the  maximum 
achieveable  dosage  at  the  normal  plant  flow  rate  is  65  to  70  mg/L. 

Trial  No.l 

The  first  trial  began  on  the  afternoon  of  December  3,  1997.  The  feed  solution  used  was  a  0.5% 
solution  of  Percol  LT20.  A  time/displacement  test  confirmed  that  the  feed  pump  was  delivering 
68  mL/min  which  was  equivalent  to  a  dosage  of  0.38  mg/L  at  the  plant  flow  rate  of  14.2  L/s. 

The  PACl  dosage  was  initially  set  at  40  mg/L.  There  was  a  little  improvement  over  normal 
treatment  in  terms  of  the  amount  of  floe  produced,  but  settling  was  still  very  poor  and  did  not 
improved. 

On  December  4  the  operator  increased  the  PACl  dosage  to  60  mg/L  There  was  further 
improvement  in  the  quantity  of  floe,  but  not  in  the  quality.  A  summary  of  fiher  influent  and 
effluent  turbidity  is  presented  in  Table  6.4. 
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TABLE  6.4  Polvmer  Trial  No.l 


Warkworth  Water  Treatment  Plant 
Polvmer  Trial  No.l 

Time 

Filter  Influent 
Turbiditv 
(NTU)' 

Filter  Effluent 
Turbidit> 
(NTU)' 

13:00 

2.58 

0.19 

14:00 

3.65 

1.25 

15:10 

3.51 

1.83 

16:30 

3.15 

- 

18:20                    0  16 

- 

Data  from  Thursday  Dec.  4,  1997 
PACI  dosage  =  60  mg/L.  LT20  dosage  =  0.38 
mg/L.  Plant  run  automatically  started  at  12:30  and 
shut  down  automatically  at  16:20. 

At  this  point,  it  was  felt  that  the  floe  may  be  forming  in  the  pipe  between  the  point  of  poKmer 
addition  and  the  package  plant,  and  that  the  mixing  in  the  first  tank  may  ha\'e  been  breaking  up 
any  formed  floe.  Therefore,  the  mixer  in  the  first  tank  was  shut  off  on  December  5.  The  operator 
reported  that  some  of  the  floe  was  larger,  but  there  was  still  a  significant  amount  of  fine  floe  that 
would  not  settle.  The  supply  of  polymer  was  exhausted  and  the  trial  ended. 

Trial  No.2 

The  second  trial  began  on  the  afternoon  of  December  17,  1997.  The  feed  solution  used  was  a 
0.5%  solution  of  Percol  LT24.  A  time/displacement  test  again  confirmed  that  the  feed  pump  was 
delivering  68  mL/min  which  was  equivalent  to  a  dosage  of  0.38  mgL  at  the  plant  flow  rate  of 
14.2  L/s. 
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Jar  testing  had  shown  that  LT24  should  give  a  performance  similar  to  LT20.  It  was  planned  to 
feed  PACl  at  60  mg/L  and  shut  off  the  first  mixer  to  duplicate  the  conditions  that  existed  at  the 
end  of  the  first  trial.  It  was  observed  that  floe  formation  and  settling  were  the  same,  or  possibly 
not  quite  as  good  as  that  experienced  with  LT20  in  the  first  trial. 

It  was  then  decided  at  the  end  of  the  day  to  lower  the  plant  flow  rate  fi-om  14.2  to  12  L/s  to 
increase  residence  time  in  the  floe  tanks  and  lower  the  surface  overflow  rate  in  the  settling  tank, 
and  hopefully  improve  floe  formation  and  settling.  On  the  morning  of  December  18,  the  operator 
lowered  the  plant  flow  rate  to  12  L/s  and  shut  off  the  paddle  mixer  in  the  first  flocculation  tank. 
At  this  time,  the  operator  observed  that  the  floe  coming  from  the  inflow  pipe  and  into  the  first  floe 
tank  was  better  than  the  floe  in  the  second  tank,  meaning  that  the  mixer  in  the  second  flocculation 
tank  was  breaking  up  the  floe.  The  mixer  in  the  second  tank  was  then  shut  off 

The  effect  of  these  changes  was  significant.  The  floe  was  much  larger  and  settling  improved,  as 
evidenced  by  lower  filter  influent  turbidity  than  trial  No.l.  The  operator  also  measured  fiher 
effluent  turbidity  and  noted  that  even  by  the  end  of  the  run  (4  hours)  the  turbidity  was  in  the  range 
of  0.5  to  0.6  NTU.  The  results  are  presented  in  Table  6  5.  This  was  a  vast  improvement  over  the 
first  trial,  where  the  filter  effluent  turbidity  was  approximately  2  NTU  after  4  hours.  It  was  not 
possible  to  tell  if  the  improvement  was  due  to  the  20%  reduction  in  plant  flow  rate,  shutting  down 
the  two  mixers  or  a  combination  of  both. 
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TABLE  6.5  Polymer  Trial  No.2  -  Dec.  17,  1997 


Warkworth  Water  Treatment  Plant 
Polymer  Trial  No.2  -  Dec.  17,  1997 

Time 

Filter  Influent 

Turbidity 

(NTU) 

Filter  No.2 

Effluent 

Turbidity 

(NTU) 

14:00 

0.31 

N/A* 

14:15 

0.31 

N/A* 

14:30 

2.9 

1.47 

15:30 

4.27 

0.07 

16:45 

1.65 

0.11 

17:45 

1.64 

0.12 

19:45 

1.66 

0.53 

Data  from  Thursday  Dec.  18,  1997                                 1 
PACl  dosage  =  60  mg/L.  LT24  dosage  =  0.38  mg/L. 
Plant  flow  rate  cut  back  to  12  L/s.  Filter  No.2 
backwashed  between  14:30  and  15:30  on  Dec.  18. 

*  N/A  -  plant  not  running  yet 
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On  December  19  a  similar  performance  was  observed.  The  results  are  summarized  in  Table  6.6. 


TABLE  6.6  Polymer  Trial  No.2  -  Dec.  19, 1997 


Warkworth  Water  Treatment  Plant 
Polymer  Trial  No.2  -  Dec.  19, 1997                 | 

- 

Time 

Filter  Influent 

Turbidity 

(NTU) 

Filter  Effluent 
Turbidity  (NTU) 

Filter 
No.l 

Filter 
No.2 

12:45 

1.64 

1.45 

0.10 

13:45 

1.65 

0.07 

0.21 

14:50 

5.22 

0.07 

0.89 

Data  from  Friday  Dec.  19,  1997 
PACl  dosage  =  60  mg/L.  LT24  dosage  =  0.38  mg/L. 
Plant  flow  rate  cut  back  to  12  L/s.  Plant  started  at  noon 
and  Filter  No.l  backwashed  at  12:50.  Polj-mer  supply     i 
exhausted  at  15:00.                                                         | 

Additional  polymer  trials  were  conducted  in  May  and  June  1998  using  LT20  and  LT27A. 
Polymer  solutions  were  prepared  using  the  new  dry  polymer  make-up  and  feed  system.   The  goal 
was  to  see  if  a  settleable  floe  could  be  formed.  Results  were  disappointing;  a  settleable  floe  could 
not  be  formed.   The  plant  was  turned  down  to  10  L/s  to  increase  retention  time,  and  the  polymer 
feed  point  was  moved  to  the  inlet  to  the  first  flocculation  tank. 

6.3        RECOMMENDATIONS 

Further  study  is  recommended  to  evaluate  the  impact  of  relocation  of  the  polymer,  shutting  down 
mixers  in  the  first  flocculation  tanks,  and  lowering  plant  flow  rate.  A  pol>'mer  make-up  system 
with  adequately  sized  feed  pump  and  day  tank  is  also  needed.  This  equipment  was  purchased  by 
the  MOE  at  the  end  of  March  1998. 
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7.0        CONCLUSIONS 


Historical  data  for  1 996  indicated  the  colour  in  the  treated  water  varied  from  2  to  11  TCU  for  an 
average  of  5  TCU,  which  meets  the  Ontario  Drinking  Water  Objective  (ODWO)  of  5  TCU.  The 
monthly  average  colour  exceeded  5  TCU  for  a  total  of  three  months  in  1996.  High  levels  of 
colour  in  the  raw  and  treated  water  present  a  higher  potential  for  THMs  formation  since  organics 
in  the  water  will  react  with  free  chlorine  to  form  THMs. 

High  levels  of  THMs  were  observed  in  July,  September  and  October  of  1996.  The  average  THMs 
values  for  that  year  in  the  treated  water  and  the  distribution  system  were  148  and  121  \x§/L 
respectively,  which  is  in  excess  to  the  new  ODWO  guideline  of  100  ).ig/L.  Stopping  pre-chlorination 
will  help  to  reduce  level  of  THMs  in  the  treated  water. 

The  raw  water  turbidity  is  variable  and  ranged  from  0.8  to  5  8  NTU  with  peak  values  measured  in 
the  summer  and  the  fall.  The  turbidity  in  the  treated  water  ranged  from  0.1  to  0.9  NTU  for  an 
average  of  0.4  NTU.  The  turbidity  is  below  the  ODWO  of  1.0  NTU,  but  remains  above  the 
objective  for  this  study  of  0. 1  NTU  after  the  filter  effluent  for  protection  against  Cryptosporidium 
and  giardia.  Optimization  of  chemical  dosage  and  coagulant  aid  selection  will  help  improving  floe 
formation  and  improve  turbidity  removal. 

The  pH  of  the  raw  water  has  an  average  of  8.0.  There  is  no  pH  adjustment  performed  on  the  raw- 
water  therefore  the  pH  of  the  treated  water  remains  almost  the  same  with  an  average  pH  of  7.9. 
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The  aluminum  residual  in  the  treated  water  was  widely  variable  and  ranged  from  10  to  1,900 
[le/L.  The  ODWO  for  aluminum  in  the  treated  water  is  100  |ig/L.  This  guideline  is  not  health 
related  but  is  an  operational  guideline  set  to  reduce  post  precipitation  of  alum  in  the  distribution 
system.  Trial  testing  to  perform  pH  adjustment  of  the  raw  water  would  be  useful  in  determining 
its  impact  on  aluminum  residual  in  the  treated  water. 

For  proper  inactivation  of  giardia  cysts,  the  free  chlorine  concentration  required  during  the  winter 
condition,  when  the  water  temperature  is  around  0.5  "C  is  0.74  mg/L  measured  at  clearwell  exit. 
The  minimum  free  chlorine  concentration  required  during  the  summer  for  a  water  temperature  of 
20  °C  is  0. 19  mg/L.  The  free  chlorine  residual  entering  the  distribution  system  was  maintained  at 
approximately  1  mg/L  during  the  summer  of  1997  by  the  existing  post-clearwell  chlorine  feed. 
The  operator  should  adjust  the  chlorine  feed  rate  of  the  proposed  filter  effluent  feed  point  to  try  to 
achieve  the  required  free  chlorine  residual  (see  Table  4.3).  The  operator  should  always  ensure 
that  enough  chlorine  is  added  at  the  existing  post-clearwell  feed  point  to  maintain  a  free  chlorine 
residual  of  0.2  to  0.3  mg/L  at  the  end  of  the  distribution  system. 
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8.0        RECOMMENDATIONS 


The  following  modifications  to  the  Warkworth  plant  operation  are  recommended  to  improve  the 
overall  plant  performance; 

1 .  Stop  pre-chlorination  to  the  wetwell  to  reduce  THMs  formation. 

2.  Install  a  new  post-chlorine  injection  system  at  the  filter  eSluent  to  provide  suflBcient  contact 
time  in  the  clearwell  for  inactivation  of  cysts  and  viruses. 

3.  Modification  to  the  backwash  procedure. 

4.  Stop  discharging  the  wastewater  supernatant  to  the  wetwell,  and  discharge  it  to  the  creek  to 
reduce  the  potential  for  reintroducing  Cryptosporidium  to  the  water  supply. 

5.  Install  on-line  turbidimeters  for  the  raw  water  and  the  filter  effluent  to  help  staff"  respond 
quickly  to  water  quality  changes. 

6.  Perform  CO2  fiiH  scale  trial  testing  to  lower  the  pH  of  the  raw  water. 

7.  Reduce  plant  flow  rate  to  improve  flocculation. 

8.  Switch  to  a  dry  polymer  feed  system. 


8.1        STOP  PRE-CHLORINATION  OF  THE  RAW  WATER 

The  Total  Organic  Carbon  (TOC)  concentration  for  the  raw  water  based  on  water  sampling 
performed  in  the  summer  1997  varies  between  2.5  to  8.7  mg/L,  which  indicates  a  relatively  high 
level  of  organics  in  the  raw  water  at  times.  It  is  expected  that  stopping  pre-chlorination  will  lower 
the  THMs  formation  since  during  pre-chlorination,  chlorine  is  added  at  a  location  where  the  level  of 
organics  is  maximum,  before  any  removal  occurs  through  the  clarifier  and  the  filter.  This  will  help 
greatly  to  comply  with  the  new  CD  WO  of  100  |ig/L  for  THMs  in  the  treated  water. 
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The  practice  of  pre-chlorination  has  been  established  for  a  long  time  in  Ontario.  It  appears  however 
that  it  should  be  re-examined  for  many  plants  facing  THMs  problems.  Pre-chlorination  may  be 
required  to  improve  the  overall  process  performance  for  some  plants,  and  sometimes,  for  inactivation 
of  coliform  w^hen  the  contact  time  available  in  the  clearwell  is  not  suflBcient  for  proper  inactivation. 
This  is  not  the  case  for  Warkworth.  Usually,  pre-chlorination  is  performed  to  reduce  biological  fouling 
on  the  equipment  and  more  specifically  on  the  filter.  However,  performing  intermittent  chlorination  on 
an  as-needed  basis  (once  or  twice  a  year  if  needed),  instead  of  pre-chlorinating  on  a  continuous  basis, 
will  have  a  great  impact  on  reducing  the  level  of  THMs  formation.  Biological  fouling  and  formation  of 
mud  balls  in  the  media  will  increase  the  initial  filter  head  loss  over  time.  Therefore,  verifying  the  initial 
head  loss  after  filter  backwash  would  help  determine  when  it  is  time  for  shock  chlorination  of  the 
fiilters.  It  is  therefore  recommended  to  leave  in  place  the  pre-chlorination  dosing  equipment. 

The  original  pre-chlorination  system  was  taken  out  of  service  in  early  May  1998  and  remains  in  a 
standby  mode  should  periodic  pre-chlorination  be  needed  to  control  growths  in  the  package  plant 
tankage.  As  a  result  THMs  quenched  in  the  distribution  system  (Town  Hall)  for  the  summer  of  1998 
were: 

May  27  -    74  ng/L  (20°C) 

June  11  -    87ng/L  (18°C) 

June  26  -    120ng/L  (24°C) 

July  24   -    115  ^g/L  (24°C) 

July  29   -    86|ag/L  (23°C) 

There  have  been  no  apparent  problems  caused  by  lack  of  pre-chlorine.  In  addition  the  plant  flow  has 
been  turned  down  to  10  I7s,  from  15  L/s. 

The  average  THMs  level  for  the  summer  of  1998  was  96  |ig/L,  compared  to  125  and  133  (ig/L 
for  the  summers  of  1997  and  1996  respectively,  showing  an  improvement  during  1998.  Also, 
given  lower  winter  concentrations,  it  is  expected  that  the  THMs  level  will  be  under  100  |ig/L  as 
an  annual  average. 
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8.2        NEW  POST-CHLORINE  INJECTION  AT  THE  FILTER  EFFLUENT 

To  make  use  of  the  contact  time  available  in  the  cleanvell  for  proper  inactivation  of  cysts  and 
viaises  prior  to  the  first  customer,  it  is  strongly  recommended  that  the  post-chlorine  injection  be 
relocated  to  the  filter  effluent.  To  simplify  the  installation  of  the  dosing  system,  it  is 
recommended  to  inject  the  chlorine  solution  directly  in  the  filter  effluent  pipes.  The  installation  of 
a  chlorine  injection  system  in  the  cleanvell  would  be  more  difficult  and  would  involve  interruption 
of  plant  operation. 

The  chlorine  solution  could  be  injected  in  the  150  mm  diameter  horizontal  pipe  section  located 
before  the  100  mm  elbow  pipe  going  down  into  the  clearwell.  Two  injection  points  will  be 
required,  one  for  each  filter.    The  dosing  equipment  will  include  the  following  components; 

•  1  day  tank, 

•  2  dosing  pumps, 

•  2  back  pressure  and  2  pressure  relief  valves, 

•  2  suction  assemblies  with  foot  valves  and  level  switch, 

•  piping  and  fittings. 

The  new  post-chlorination  system  at  the  filter  effluent  was  installed  during  the  spring  of  1998.  A 
copy  of  the  amendment  to  the  certificate  of  approval  is  in  Appendix  C.  It  was  recommended  to 
keep  the  existing  post-chlorine  injection  system  at  the  high  lift  pump  header,  to  have  the  flexibility 
to  increase  the  chlorine  dosage  if  needed  to  maintain  adequate  chlorine  residual  in  the  distribution 
system. 

The  operation  of  the  dosing  pumps  is  controlled  by  the  position  of  the  filter  effluent  valves 
through  a  limit  switch  installed  on  each  valve.  Prior  to  performing  a  backwash,  the  filter  effluent 
valve  closes  which  automatically  turns  off  the  corresponding  dosing  pump.  This  is  done  to  avoid 
discharging  concentrated  chlorine  solution  into  an  empty  pipe  to  reduce  corrosion  problems.  The 
chlorine  dosage  onto  the  clearwell  is  controlled  manually,  and  is  done  to  achieve  a  pre-determined 
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free  chlorine  residual  measured  at  the  end  of  the  clearwell  in  cell  No. 4  (refer  to  Table  4.3  for 
proposed  free  chlorine  residual  for  different  raw  water  temperature).  This  may  be  diflBcult  to  do 
accurately  because  of  the  long  time  delay  between  the  chlorine  dosage  point  and  the  point  of  free 
residual  measurement. 

Grab  samples  will  be  collected  from  cell  No. 4  via  an  access  hatch  to  determine  the  free  chlorine 
residual.  The  sample  will  be  analyzed  using  the  plant's  DR700  spectrophotometer.  The  frequency 
should  be  once  per  day  and  the  measurement  should  be  made  near  the  end  of  an  operating  cycle 
and  not  when  the  plant  has  been  out  of  operation  for  several  hours.  The  plant  daily  log  sheet 
should  be  changed  to  enable  the  recording  of  this  measurement. 

8.3        MODIFICATION  TO  THE  BACKWASH  PROCEDURE 

The  present  backwash  procedure  performed  at  the  plant  is  described  as  follows: 

The  raw  water  flow  is  throttled  from  14.2  L/s  to  8. 1  L/s. 

The  filter  to  be  washed  is  shut  down. 

The  surface  wash  comes  on  for  10  seconds. 

A  low  rate  backwash  runs  for  50  seconds. 

Surface  wash  is  stopped. 

A  high  rate  backwash  of  2,400  L/min  runs  for  5  minutes. 

Backwash  is  stopped. 

Fiher  effluent  at  low  rate  is  discharged  to  the  wastewater  collection  system  for  1  minute. 

Raw  water  flow  is  increased  to  14.2  L/s. 

Fiher  effluent  is  discharged  to  the  clearwell. 
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The  procedure  described  on  the  previous  page  indicates  that  there  is  a  filter  to  waste  step 
performed  during  the  backwash  at  low  rate  for  1  minute.  Filter  to  waste  is  performed  by  putting 
the  filter  back  to  its  filtering  mode  for  a  certain  time,  while  discharging  the  filtered  water  to  the 
wastewater  collection  system.  On-site  testing  indicated  that  this  filter  to  waste  procedure  should 
be  increased  to  a  minimum  of  5  minutes  and  possibly  longer,  subject  to  fiirther  testing,  to  improve 
the  overall  filter  effluent  turbidity,  since  higher  turbidity  levels  were  observed  shortly  after  a 
backwash.  The  piping  system  is  in  place  at  the  Warkworth  plant  to  be  able  to  extend  the  filter  to 
waste  duration.  However,  it  would  require  some  minor  programming  modifications  to  the 
existing  Klockner  Moeller-PS3  control  system. 


8.4        WASTEWATER  SUPERNATANT  DISCHARGE  TO  MILL  CREEK 

It  is  recommended  to  stop  returning  the  wastewater  supernatant  to  the  wetwell  and  to  discharge  it 
to  the  creek,  to  reduce  the  potential  for  reintroducing  Cryptosporidium  cysts  to  the  water  supply. 
Returning  the  supernatant  to  the  wetwell  can  re-cycle  pathogens  that  have  already  been  removed 
by  the  filters. 

Returning  the  supernatant  to  the  creek  can  be  done  by  simple  piping  modifications  which  involves 
connecting  the  existing  discharge  pipe  to  an  existing  sump  located  beside  the  building.  This  sump 
discharges  by  gravity  to  the  creek  downstream  of  the  intake. 

The  piping  and  accessories  requu-ed  are  described  as  follows: 

•  Approximately  7  m  of  200  mm  diameter  stainless  steel  pipe 

•  Two  200  mm  butterfly  valves 

•  One  sampling  tap 

•  Accessories 


RAL  ENGINEERING  LTD.  Page  55 


The  supernatant  discharge  would  be  initiated  when  the  ultrasonic  level  located  in  the  tank  reaches 
a  high  water  level.  Discussions  with  the  MOE  Approvals  Branch  indicates  that  the  supernatant 
will  be  subject  to  quality  monitoring  regarding  suspended  solids  and  total  chlorine  residual.  It  is 
expected  that  the  suspended  solids  in  the  supernatant  will  comply  to  an  annual  average  of  15 
mg/L  or  less.  The  current  chlorine  residual  concentration  in  the  supernatant  (approximately  0.1 
mg/L  total  chlorine)  will  decrease  during  its  passage  through  the  discharge  sump  and  the 
discharge  pipe.  The  chlorine  concentration  at  the  discharging  point  will  further  decrease  due  to 
dilution  from  the  creek  water  flow.  It  is  therefore  expected  that  the  very  low  chlorine 
concentration  in  the  receiving  stream  would  have  a  negligible  impact  on  the  receiving  stream. 

A  sampling  tap  will  be  installed  on  the  new  discharge  line.  Testing  should  be  done  at  the  plant  to 
correlate  the  suspended  sohds  concentration  to  turbidity  for  rapid  in-house  monitoring  of  the 
supernatant  quality.  There  will  need  to  be  an  amendment  to  the  Certificate  of  Approval  prior  to 
discharging  the  supernatant  to  the  creek. 


8.5        IN-LINE  TURBIDITY  METERS 

The  raw  water  is  subject  to  high  variations  of  turbidity  and  colour  depending  on  the  time  of  the 
year  or  the  weather  conditions.  The  installation  of  in-line  turbidity  meters  would  be 
recommended  to  monitor  the  variations  and  quickly  respond  by  adjusting  chemical  dosage  for 
better  plant  performance.  It  is  therefore  recommended  to  install  an  in-line  turbidity  meter  for  the 
raw  water,  and  one  in-line  turbidity  meter  for  each  filter  effluent,  for  a  total  of  three  (3)  turbidity 
meters. 

It  is  preferable  to  install  the  turbidity  meter  at  the  fiher  effluent  instead  of  the  plant  effluent  to  help 
responding  faster  to  a  deterioration  in  water  quality,  since  it  will  take  hours  before  an  event  is 
detected  at  the  end  of  the  clearwell.  In-line  turbidity  meters  would  also  help  monitoring  the  filter 
performance,  and  could  be  used  to  indicate  the  appropriate  moment  to  initiate  a  filter  backwash. 
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It  would  also  be  recommended  to  install  a  3 -pen  recorder  to  keep  track  of  the  turbidity  variation 
when  there  is  no  operator  at  the  plant. 


8.6        CO?  FULL  SCALE  TRIAL  TESTING 

It  is  recommended  to  undertake  full  scale  testing  with  carbon  dioxide  (CO2)  for  pH  adjustment  of 
the  raw  water.  The  advantage  of  using  CO2  over  a  strong  acid  such  as  sulfuric  is  that  CO2  is 
much  easier  and  safer  to  use  and  it  allows  a  more  controlled  lowering  of  the  pH  without  over 
shooting  the  optimum.  The  raw  water  pH  may  need  to  be  reduced  to  around  7.5  for  better 
chemical  treatment  performance. 
The  benefits  of  using  CO2  are  summarized  as  follows: 

•  Lower  levels  of  aluminum  residual  in  the  treated  water. 

•  Optimization  of  chemical  dosage  with  reduced  level  of  turbidity  and  colour  in  the  treated 
water. 

•  Reduce  THMs  formation. 

•  Improve  the  disinfection  process. 

Performing  raw  water  pH  adjustment  with  CO2  to  improve  plant  performance,  particularly  to 
lower  the  level  of  aluminum  residual  when  dosing  PACl,  is  gaining  popularity.  Systems  are  in 
place  and  operating  for  a  few  years  at  the  Township  of  Tay,  Lindsay  Water  Treatment  Plant  and 
permanent  installation  will  be  implemented  at  the  Keswick  Water  Treatment  Plant  in  1998. 

The  recommended  duration  for  the  full  scale  testing  is  4  weeks  CO2  should  be  injected  in  the  low 
lift  pump  header  before  the  injection  of  PACl.  As  much  separation  as  possible  should  be  made 
between  CO2  and  coagulant  addition. 
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The  equipment  required  for  the  testing  are  the  following: 


1  (one)  manual  flowmeter, 

1  (one)  valve  for  CO2  control, 

1  (one)  solenoid  valve, 

1  (one)  diffijser  to  be  installed  in  the  low  lift  header  line, 

1  (one)  relief  valve  system  for  safety, 

1  (one)  vapourizer, 

and  CO2  cylinders  or  mini-bulk  tanks  for  indoor  or  outdoor  installation. 


8.7   REDUCE  PLANT  FLOW  RATE 

To  improve  floe  formation  in  the  flocculation  tanks  and  the  ability  for  the  floe  to  settle  in  the 
clarifier,  flirther  testing  should  be  performed  at  reduced  plant  flow  rates.  The  flow  rate  can  be 
decreased  by  throttling  the  low  lift  pump,  which  will  extend  the  hours  of  plant  operation.  The 
package  plant  is  currently  operated  only  8  hours  per  day.  As  demonstrated  during  on-site  testing 
by  the  MOE  staff,  it  was  found  beneficial  to  decrease  the  flow  rate  by  20%.  It  is  expected  that  a 
fiirther  decrease  will  be  even  more  beneficial  for  particulates  and  colour  removal.  It  is 
recommended  to  throttle  the  raw  water  pumps  so  that  the  package  plant  run  time  is  extended  to 
16  to  20  hours. 

The  optimization  of  flocculation  tanks  operation  to  reduce  floe  shearing  should  also  need  to  be 
evaluated  fijrther  by  doing  on-site  testing  to  reduce  pin  floe  formation  and  floe  carry  over  to  the 
filters. 
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8.8        SWITCH  TO  DRY  POLYMER  FEED  SYSTEM 

It  is  recommended  to  change  the  existing  polymer  feed  system  using  Percol  LT35  to  a  dr>' 
polymer  feed  system  using  LT27A  or  LT20  to  improve  the  floe  formation  as  demonstrated  during 
ofF-site  and  on-site  testing.  The  injection  point  should  also  be  relocated  to  immediately  before  the 
first  flocculation  tank  to  reduce  floe  shearing  in  the  low  lift  header  line.  The  equipment  was 
purchased  by  the  MOE  in  March  of  1 998.  Installation  and  commissioning  was  completed  by  May 
1998  The  manual  dry  polymer  feed  system  purchased  is  described  as  follows. 


1  (one)  clamp-on  propeller  mixer, 

1  (one)  270  L  day  tank, 

1  (one)  Hootenanny  Eductor 

1  (one)  metering  pump  with  accessories, 

and  1  (one)  weigh  scale  -  2  kg  capacity. 
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9.0        COST  ESTIMATE  FOR  IMPLEMENTATIONS 


The  installation  of  the  post-chlorine  injection  at  the  filter  effluent  was  been  done  in  the  winter  of 
1998.  The  equipment  required  to  prepare  a  polymer  solution  fi"om  a  dry  powder  was  installed  in 
May  1998.  The  equipment  was  purchased  by  the  MOE  and  the  cost  involved  is  summarized  as 
follows: 

•  New  post-chlorine  injection  system  at  the  filter  effluent:  $  4,340 

•  Manual  dry  feed  polymer  system:  $  5,300 

Total  cost  (Taxes  not  included):  $  9,640 

It  is  expected  that  by  stopping  pre-chlorination  this  will  translate  to  a  potential  saving  of  up  to  50%  in 
chlorine  cost. 

A  summary  of  the  cost  estimate  for  the  installation  of  a  new  piping  system  to  discharge  the 
wastewater  to  the  creek,  the  installation  of  in-line  turbidity  meters  and  one  recorder,  and  for  CO2 
fiall  scale  trial  testing  for  pH  adjustment  of  the  raw  water  is  presented  in  Table  9. 1 .  The  cost 
estimate  is  summarized  as  follows: 

•  New  piping  system  for  supernatant  discharge  to  Mill  Creek:  $  5,000 

•  Installation  of  three  in-line  turbidity  meters  and  one  3-pen  recorder:         $  9,000 

•  CO2  fijll  scale  trial  testing:  $  5,000 

Total  budget  cost  (Taxes  not  included):  $19,000 
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TABLE  9. 1    COST  ESTIMATE  FOR  WARKW  ORTH  WATER  TREATMENT  PLANT 


I-  BLTXJET  COST  FOR  THE  INSTALLATION  OF  NEW  F IPING  TO  DISCH.ARGE  THE  SLTERNATA.NT  TO  THE  CREEK 

DESCRIPTION 


200  mm  SS  Pipe 

200  mm  Butterfly  Valve 

200  mm  90°  Elbow 

Fabrication 

Installation 

Sub-Total: 


rcosT 

QUANTFTY 

COST 

$73 

/m 

7          m 

$511 

$500 

Aalve 

2 

$1,000 

$85 

/elbow 

1 

$85 

$2,000 

S2.000 

$1,500 

Say 

Sl,500 
S5,096 

1        55.000] 

n-  IN-LINE  TURBIDFrY  METERS  &  RECORDER 
DESCRIPTION 


In-line  Turbidit>'  meter  with  3  Reading  Points 

(Tuibidit}-  meter  1720D) 

3 -pen  Recorder 

Installation 

Sub-Total 


rcosT 

QUANTITY 

COST 

$5,600 

I 

$5,600 

$2,900 

1 

S2.900 

$500 

S500 
1         S9.000I 

GLOSSARY  AND  LIST  OF  ABBREVIATIONS 


Alum 
CT 


°C 

DWSP 

ECR  reagent 

FID 

ft 

G 

Gt 

GC/MS 

GAC 

g 

h 

HFS 

ICP 

IG 

kW 

L 

L/cap.d 

L/s 

m 

m 

m 


:  aluminum  sulphate 

:  Value  required  to  achieve  adequate  inactivation  and/or  removal  of  cysts  and 

viruses.  T  is  the  time  (in  minutes)  it  takes  the  water  during  peak  hourly  flow, 

to  move  between  the  point  of  disinfectant  and  a  point  where  C,  the  residual 

disinfectant  concentration  (mg/L),  is  measured  prior  to  the  first  customer. 

:  day 

:  degree  Celsius 

:  Drinking  Water  Surveillance  Program 

:  Eriochrome  Cyanine  R 

:  Flame  Ionization  Detector 

ifoot 

:  flocculation  energy  gradient 

:  flocculation  energy 

:  Gas  Chromatograph  /  Mass  Spectrometry 

:  Granular  Activated  Carbon 

:  gram 

:  hour 

:  hydroxylated  ferric  sulphate  (Ferriclear) 

:  Inductively  Coupled  Plasma  Atomic  Emission  Spectoscopy 

:  imperial  gallon 

:  kilowatt 

:  litre 

:  litres  per  capita  per  day 

:  litres  per  second 

:  metre 

:  square  metres 

:  cubic  metres 


m/h 

^g/L 

mg/L 

mm 

mL/min 

min 

NTU 

OCWA 

ODWO 

% 

PACL 

PVC 

lb 

rpm 

SOR 

SWTR 

TioAT 


TOC 

THMs 
TCU 


:  cubic  metres  per  day 

:  metres  per  hour  (equivalent  m7m^.h  -  filtration  rate) 

:  micrograms  per  litre 

:  milligrams  per  litre 

:  millimetre 

:  millilitres  per  minute 

:  minute 

:  Nephelometric  Turbidity  Unit 

:  Ontario  Clean  Water  Agency 

:  Ontario  Drinking  Water  Objective 

:  percent 

:  polyaluminum  chloride 

:  polyvinyl  chloride 

:  pound 

:  revolution  per  minute 

:  Surface  Overflow  Rate 

:  Surface  Water  Treatment  Rule 

:  This  factor  describes  the  baffling  condition  in  the  clearwell,  and 

represents  the  ratio  between  Tio,  which  is  the  time  it  takes  10 

percent  of  a  dye  or  tracer  to  be  detected  at  the  basin  outlet  after  it 

is  injected  into  the  basin  influent  flow,  and  the  theoretical  detention 

time  for  plug  flow  in  pipelines  and  flow  in  a  completely  mixed 

chamber. 

:  Total  Organic  Carbon 

:  Trihalomethanes 

:  True  Colour  Unit 

:  weight/volume 
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APPENDICES 


Plant  Survey 


Appendix  A 


PLANT:   VVARKVVORTH  WATER  SUPPLY  PLANT 

Shipping  Address:  Town  of  Percy,  Police  VOlage  of  \Varkw.>rth 
40  Main  Street,  P.O.  Box  119.  Warkw^^ih.  ON,  KOK  3K0 


Tel:  (705)  924-2931 


Fax:  (705)  924-3139 


PREPARED  BY:    L.Fortin 


DATE:    May  29,  1997 


STAFF: 

Supenntendent:  Ralf  Switzer 

No.  of  Operaion:  1 

Staff  Work  Schedule:   21  h/week  (3h/d),  Mon.  to  Sun. 


Names  of  Operators: 

Steve   Meacock  (operator  in  training) 

Cemfied  Y/N:  1 


PLANT  CAPACITY: 

Average  Daily  Flow:   308  mVd 

Maximum  Daily  Flow:   488  mVd 

Rated  Plant  Capacity:  1,232  mVd 

Hours  of  plant  operauon:  7  to  8  h/d  (all  year) 

Population  Served:  650 


OPERATING  AUTHORITY: 

Township  of  Percy 

YEAR  OF  CONSTRUCTION:    1992 


SOLTRCE  OF  R.\W  WATER:   MiU  Creek 


RAW  WATER  CaAR.A.CTERISTICS: 


•  Colour: 
'  Turbidity: 
pH: 
'  Alkahnitv: 


5  to  100  TCU 
1  to5NTU 
7.8  to  8.3 
208  mo/L  -  CaCO, 


CHEMICALS: 

•  Coagulant: 


Type:   PACL 

Dosage:   20  mg/L  (Summer  and  Winter) 

Injecuon  Point;   In-line  mixer  located  in  the  low  lift  header 


Coagulant  Aid: 


Type:   Percol  LT  35  (Liquid) 

Dosage:   0.5  mg/L 

Injection  Point;    Low  lift  header  after  the  in-line  static  mixer 


Alkahnity/pH  Adjustment: 


Chemical  Used:   Not  Applicable 
Dosage:  mg/L  (Sununer), 

Injecuon  Point 


mo/L  Winter) 


Disinfection:      Type:   Sodium  Hypochlorite 

Pre-Desinf.  Dosage:  1.5  to  2.1  mg/L 

Post-Desinf.  Dosage:  1.4  to  2.3  mg/L 

Injecuon  Point;  Pre-Desinf.  in  the  wetwell.  Post-Dinsinf  in  high  lift  pumps  header.    | 


ANALYSIS  DONE  AT  THE  LAB: 

•  pH  •  Colour  •  Turbidity 

•  Chlorine  Residual  •  Aluminum  Residual 


LAB  EQUIPMENT  AVAILABLE: 

•  Jar  Test  (Phibbs  &  Bird)  ♦  2  Hacfa  DR  100 
Colorimeter  for  aluminum  residual  and  chlonne 
residual  •  Hach  pHmeter  •  DR  700  (Colour) 

•  Hach  2100  A  (Turbidity) 


PROCESS  CONFIGURATION: 


CHEMICALS  METERING: 


TYPE  CAPACITY  CGNTTIOL  CONDITION 

•  Coagulant:    PACL  Signal  from  the  PLC  in 

2  metering  pumps  response  to  low  lift  pump  starting 
(1  duty  and  1  standby  pump) 


•  Coagulant  Aid: 

Percol  LT35  Signal  from  the  PLC  in 

1  LMI  Pump  response  to  low  lift  pump  starting 


.Alkalinity      N/A 
/pH  Adjustment: 


Disinfection: 

-  Pre:  1  LMI  Series  A75,  3.8  L/h  @760  kPa    -  Signal  from  the  PLC  in 

response  to  low  lift  pump  starting. 
Dosage  is  controlled  by  manually 
adjusting  the  suroke  length. 

-  Post:  1  Aldos  -  Signal  from  the  PLC  in  response  to 

high  lift  pump  starting. 

Post-  chlorination  is  controlled  through 

the  flow  meter  (420  mA). 


Other:  N/A 
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PLANT  CONTROL: 

•  Flow  CNIanual  Set/Auto): 

•  Level: 

The  low  lift  pumps  operation  is  initiated  by  the  water  level  in  the  clearwell 
by  using  an  ultrasonic  level  transducer. 

The  operation  of  the  high  lift  pump  is  provided  by  level  sensing  equipment 
located  in  the  in-ground  floating  reservoir  and  a  telephone  link  from  the 
sensor  for  the  plant  PLC. 

•  On/Off: 

PROCESS  MONITORING: 

INSTRUMENT 

MONITORING 
FREQUENCY 

LOCATION    NOTES 

•  Turbidity: 

Hach  2100  A 

Raw  and  Treated 

•pH: 

Hach  pHmeter 

Raw  and  Treated 

•  Free  Chlorine          HIT  in-line 
Residual:                 Chlorine  Analyzer 

Continuous 

Plant  Effluent 

•  Aluminum 
Residual: 

Hach  DR  100 
Colorimeter 

Treated 

•  Colour: 

DR-700 

Raw  and  Treated 

ISSUES: 


The  raw  water  is  subject  to  change  quality  with  rain  fall,  and  tends  at  time,  to  be 
excessively  turbid  and  highly  coloured. 

Due  to  the  nature  of  the  source,  raw  water  bacterial  counts  often  exceed  the 
ODWO  guidelines. 

High  variation  of  aluminum  residual  with  maximum  value  observed  around  300 
ug/L  in  the  treated  water. 

Need  for  jar  testing  to  improve  treated  water  quality  by  testing  CO.,  acidified 
alum,  alum,  and  optimizing  polymer  t>'pe  and  dosage. 

The  recirculation  of  supernatant  from  the  sludge  tank  should  be  termmated.  and 
supernatant  should  be  returned  to  the  river. 

Post  chlorination  is  presently  done  at  the  high  lift  pump  header.  It  should  be  done 
at  the  filter  effluent  to  provide  chlorine  contact  time  through  the  clearv,-ell. 

Installation  of  in-line  turbidimeter  for  the  raw  and  the  treated  water  would  be 
recommended  to  help  predicting  raw  water  quality  change  and  respond  quickly  by 
adjusting  chemical  dosages. 

Some  tloc  carry  over  was  observed  during  the  plant  tour.   However,  the  water 
above  the  filters  was  clear. 


CHECK  LIST: 

•"         Copy  of  Certificate  of  Approval.   OK 

•"         Copy  of  DWSP  repon  if  available. 

•         Copy  of  monthly  flows  for  the  previous  year.    OK 

/         Copy  of  the  monthly  analysis  for  the  previous  year  to  evaluate  plant 
performance  for  the  raw  water,  settled  water  and  plant  effluent. 

Analysis  of  interest  are:  DOC.  true  colour,  turbidity,  pH,  alkalinity, 
aluminum  residual,  chlorine  residual,  temperature  and  THMs. 


Off-Site  Treatability  Testing 


Appendix  B 
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Certificate  of  Approval  (1992)  and 
Amendment  to  the  Certificate  of  Approval 


Appendix  C 


Ontario 


Ministry  Ministere  AMENDMENT  TO  CERTIFICATE  OF  APPROVAL 

of  the  de  WATER 

Environment      I'Environnement  NUMBER  7-1535-91-926 
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NOTICE 

Township  of  Percy 
P.O.  Box  12  9 
4  0  Main  Street 
Warkwcrth,  Ontario 
KOK  3K0 

You  are  hereby  notified  that  the  approval  for  the  upgrading  and  expansion  of  the  existing  water 
treatment  plant  serving  the  Police  Village  of  Warkworth  located  on  Lot  14,  Concession  3  in  the  Township  of 
Percy,  issued  under  Certificate  of  Approval  No.  7-1535-91-926  dated  February  20,  1992,  is  hereby  amended 
to  approve  the  following  modifications  to  the  chemical  feed  (chlorination)  system: 

Pre-chlorination 

Discontinue  the  practice  of  pre-chlorination  of  the  raw  water  at  the  raw 
water  well  and  to  retain  the  chemical  feed  facilities  for  periodic  'shock' 
chlorination  when  required. 

Post -chlorination 


Installation  of  chemical  feed  facilities  for  post-chlorination,  consisting 
of  two  (2)  diaphragm  type  chemical  metering  pumps,  one  (1)  chemical  storage 
day  tank,  associated  piping  and  appurtenances  to  inject  sodium  hypochlorite 
solution  into  each  filter  effluent  pipe, 

all  in  accordance  with  the  design  brief  dated  November  1997  prepared  by  RAL 
Engineering  Ltd. 

REASON 


The  reason  xor  cms  amenamenc  is  to  approve  modifications  co  uhe  existing 
chlorination  system  at  the  water  treatment  plant  in  order  to  control  the 
level  of  trihalomethanes  (THMs)  in  the  treated  water  and  distribution 
system.   A  design  brief  (dated  November  1997  and  prepared  by  RAL 
Engineering  Ltd.)  for  the  proposed  modifications,  which  are  supported  by 
the  Ministry's  Standards  Development  Branch,  was  received  and  found  to  be 
satisfactory. 

This  Notice  shall  constitute  part  of  the  approval  issued  under  Certificate 
of  Approval  No.  7-1535-91-926  dated  February  20,  1992. 

In  accordance  with  Section  100  of  the  Ontario  Water  Resources  Act.  R.S.O.  1990,  Chapter 
0.40,  as  amended,  you  may  by  written  notice  served  upon  me  and  the  Environmental  Appeal  Board  within  15 
days  after  receipt  of  this  Notice,  require  a  hearing  by  the  Board.   Section  101  of  the  Ontario  Water  Resources 
4ct.  provides  that  the  Notice  requiring  the  hearing  shall  state: 


Ministry 
of  the 
Environment 


Ministers 

de 

rEnvironnement 


Ontario 


AMENDMENT  TO  CERTIFICATE  OF  APPROVAL 

WATER 

NUMBER  7-1535-91-926 

Page  2  of  2 


1.  The  portions  of  the  approval  or  each  term  or  condition  in  the  approval  in  respect  of  which  the  hearing  is 
required,  and; 

2.  The  grounds  on  which  you  intend  to  rely  at  the  hearing  in  relation  to  each  portion  appealed. 

The  Notice  should  also  include: 

3.  The  name  of  the  appellant; 

4.  The  address  of  the  appellant; 

5.  The  Certificate  of  Approval  number; 

6.  The  date  of  the  Ceaificate  of  Approval; 

7.  The  name  of  the  Director; 

8.  The  municipality  within  which  the  water  works  are  located; 

And  the  Notice  should  be  signed  and  dated  by  the  appellant. 
This  Notice  must  be  served  upon: 


The  Secretary, 
Environmental  Appeal  Board, 
2300  Yonge  Street,  12th  Floor, 
P.O.  Box  2382, 
Toronto,  Ontario. 
M4P  1E4 


AND 


The  Director, 

Section  52,  Ontario  Water  Resources  Act, 

Ministry  of  the  Environment, 

250  Davisville  Avenue,  3rd  Floor, 

Toronto,  Ontario. 

M4S 1H2 


The  above  noted  water  works  are  approved  under  Section  52  of  the  Ontario  Water  Resources  Act. 


DATED  AT  TORONTO  this     2  6th        day  of 


January, 


^^.AfllS 


-/ 


er  Resources  Act, 


HV/ba 

Attn:   -Ms  R.  Colquhoun,  Clerk,  Township  of  Percy 

cc:     -District  Manager,  MOE  Peterborough  District  Office 

-RAL  Engineering  Ltd. 

-Mr.  Matt  Uza,  Standards  Development  Branch,  MOE 


"■^,.^::-^:: 
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TO:                                                  Township   of  Percy  ;■                  '~:~-:r 

Box   129  /:•,-, 

40  Main  Street  r,-.,.        "''  <■  7  '--^  '• 

War3Gi/orth,    Ontario  ""■                 ''••■. 

KOK  3K0  ■■..  _        ;•  .. 

}u2S  applied  in  accordance  wiih  Seaion  TSofuie.  Onumo  Wcux  Resources  Aa  for  approval  of: 

•upgrading  and  expansion  of  the  existing  surface  vater,  treaz:aent  and 
ciistrihution  systan  serving  the  Police  Village  of  WarJc-crth  and  located  cn 
Lot  14,  Concession  3  in  the  Township  of  Percy  to  be  rated  at  gross  naxlnun 
dailv  oroduction  of  1232  jp/d  with  a  design  peaX  hour  distribution  systen 
sucoly'rate  of  1851  s^/d  and  a  design  fire  flow  of  64  L/s  for  two  hours,  where 
the*  oeaJc  hour  flow  is  provided  by  the  high  lift  punps  fron  the  in-?lant 
storage  reservoir  and  the  fire  flow  by  the  existing  506  n-'  capacity  elevated 
(toD-of-hill  ground  level)  reservoir,  to  be  ioiplemented  as  follows: 

removal  of  the  existing  low  lift  punp  (direct  suction  from  the  existing 
25  0  321  dianeter  Mill  CrseX  gravity  intake  pipe)  from  th^  existing 
treatment  plant  building  ,  and  extension  of  the  intiXa  pipe  to  the  new 
raw  wa-er  well  described  below  (the  existing  screens  in  a  manhole  on  the 
in-axe  pipe  remain  in  operation)  ; 

construction  of  an  extansion  to  the  existing  treatment  plant  building  to 
house  a  new  package  water  treatment  '  plant,  chemical  application 
facilities  and  a  stand-by  power  generation  set  described  below; 

removal  of  the  existing  gravity  sand  filter  and  chemical  application 
facility  from  the  existing  treatment  plant  building,  and  construction  of 
addirional  internal  structures  to  utilize  the  space  for  office, 
laboratory,  chemical  storage  and  sludge  pumping  facilities; 

construction  of  a  31.6  3^  capacity  rav  vatsr  well  in  the  ^>inder- structure 
of  the  plant  building  extension,  including  installation  of  two (2)  (one 
duty,  one  stand-by)  new  lev  lift  solids  hzLndling  submersible  pumps,  each 
having  a  capacity*  of  14.3  L/s  at  a  TD.H  of  7.S  metres,  controlled  by  the 
water  level  in  the  treated  water  reservoir  described  below; 

installation  of  an  in-line  static  missr  in  the  lew  lift  pump  discharge 
pipe  feeding  the  flocculation  tanks  in  the  package  water  treatment  planz 
described  below; 

-  installation  of  a  prefabricated  package  water  trsarment  plant  m  tne 
above-described  plant  building  extension,  rated  at  1232  m^/d,  an- 
consisting  of  the  following: 

a  three-tank-in-series  flocculation  chamber  equipped  with  low  speed 
vertical  paddle  wheel  f loccularors,  having  a  minimum  total 
hydraulic  detention  time  of  3  0  minutes. 


Pcz 


e2ofl'\ 


-  f  ^t.r'sS^'aTe  Lea  of  li\2  £- .  vith  overflow  into  r.o  effluent 
f  ""  r;  -^^t^^-^s  -eeding  the  filters  described  belov,  and  a  tij^ed 
auS"ic^^a"ty  slidge  discharge  into  the  sper.t  bac3c.ash  vata^ 
surge  tanks  described  belov, 

-.-o  r2l  oar-^^el  gravity  dual  aedia  rapid  sand  filters,  each  havind 

-  rM'J:a&o;-s^-ace  aria  of  3.4  ^- ,  rated  at  7.5  a/hr  d.scnarg.n^ 
hv  a^av^--y  into  the  in-ground  treated  vater  resar-.oir  ^es^.ibed 
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-::|L^"c;ile'ctirn  system  discharging  into  zhe  spent  bac^-'ash  v-ate 
s-.:^ce  tsnks  described  below, 

cons-r-ac-onj-t  a  -su        ^   buildi:ig  axtension,  consisting  oj 
i;lwT,°=e"r:-I^rvarved1nr£=onn.rtions,\cnipped  vith  tb.se(3)  (t-. 
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^/^;^-^:^^  =^;.deV'  v;.:^1in  tr4\  pla^t  "si-..,  and  on.(l,  _lilte 
baci^-^i  ---ticarturbi.e  pu=p,  rated  at  .7.0  L/s  at  a  TDS  ox  1=.0  n; 

installation  of  the  followL-g  chemical  application  system  in  the  planj 
building  extension: 

•^^i^„  ^^   a  1 :;  V  '-a-^ac-'tv  liouid  coagulanl 

-  '^^'^JT^^^   a""4Ve  In  lln;  ^.otjf  ("one  duiy,  one  stand) 
r-?-!?Li^^-^e  iTiicar  metering  ^v^-ps,    and  a  feed  line  to  < 
IV^itlrJd^^ilii   i^St  lov  lift  p>i?  discharge  pipe  up-streax.  o 
the" in-line  static  sixer  mentioned  above,  • 

^o^yaer   (coac^^lant  aid)   system,   consisting  of  ^^^  .^^^^^^r ate 
'    S^E'ent  ?:c:<age  for  auzoaatic  metering,  diluting,  activating  ^an 


(thiee  locations)  and  dovn-streaa  (one  location)  o: 

static  xixsr  mentioned  above,  i 

50dir=  hvpcchlorita  (colour  removal  and  ^^-^.^^--^IT^^l^^^:?^, 
JcriistinV  of  tvo(2)  (one  duty,,  one  ^--^•^-^llJ-\-J^^f^  "ivj 
chemical  'netering  p.e-chlorir.tlo_:^  pu.p   con  =lled  ^by^^j-) 

^?1::;irin;taUed'°a;  £;rinl^^^of  -ie  -ntaXe  pipe  "^-^ -- 

?-;f  iilt'oSf  an5-p-d'^lS;^?h:\igh  lift  discharge  f lov  =eter 

Vith  feed  lines  to  the  '=''\^°- ^'^^^  ^\v.f  ff--r'^^^;'v,ead-  (one);  ^r\ 
vater  rese-zoir  (tvo)  and  m  the  hign  I-,  p^?  7^7"  \,-^g  lin 
"  ^^^-,-r,,.cus  chlorine  residual  analy-er  vith  a  sa^p— ..g  ^ 
?ao;i;r'i^diS&uticn  feeder  vater^ain  30  ne.res  avay  .ron  ^ 

olant; 


J 


Pegs  J  of 


-,  ^3  r-srac'^v  spent  bacrsrash  vater  siirge  tazX  ir.  the 
construction  of  a  2.  .  f^^^^^,/^  extension,  including  ir^staUarion 
under-structure  °^,  r^^^-tg;^':^^  pjp,    rated  at   3.7   L/s   at  a  TDH  cf 

^c  ^  ^^T^^r^tv  c^ear  veil  into  a  second  spent 
.       conv^-sion  of  tie  «.s^g  'Lciu"ing  rL=CJ^o£   tie   exist-.,  d--y-«ell 

■^^^^'r^sTi/s^-Za^iHlff-rs  =,   dlUiUir.g  in"  "-^e  .l.dg.  hold.., 
;:;:«.s;  decankng  tanX  descried  below; 

.       conversion    of    the    existing    =•*  ^^    "^^^^-f^  ^^L'^-J,  7e=T«?;i°  t^^! 

?f=T=S?nr''-ta?^tion''';?  a^  s^re^^.-t'  --=^-  ^^^^^^:^  Tf^ 
;S?^.f-af  v-akous  elevations^    disch-g.n^  ^^^  th_e  ^a.   :^  ^^^ 
-f.-o    (2)     (one   duty     one  .^;r"^l  "^'^'j^^j' 5.3  ^,   viti  a  discharge  pipe  at 
IS^^-anl^s  ;S;.^U;.HUlng?it^o^  fc^  off-s.te  disposal; 
i_s-,i.at^on  of  a  53  Kv  stand-by  Diesel  engine  power  generator  set  anc 
■       S  ^il'st^^Sge  tanX  in  the  plant  building  extension, 

■    .  A     ,»oha-^-cal      (including     ventilation)      and     slectrical 

-  ?;ita?ra:?^r.;:^-.si-^--'^i-:^-^  "'-=^  ^^^'=^"--'- 

•    ^        ,-.-on   r-n-a^ne'^    ^n  the   documents   listed   in 
,n    in   ac-ordance  with  the   mfor^ia.ion   c«.n.a^ne^  -n        ^      ^^^        engineering 

($2,140,000.00) . 
condidons  ouilined  b€loyv: 


-   j-v.  ,• ,-  PaT-^i  ^-i  c^t^  of  Acoroval: 
the  piirpose  or  this  Certi^^c^—  u-  ^. . 

•  j.>,  4  T-i  -"-he  "^nv' ronnenta. 
"the  Director"  :neans  any  Ministry  ^]:^l^-^^^iri.d  by  th 
Planning  and  Prevention  ^J^^'-^^^yUfl^-^io  Water  Resources  Ac- 
Minister  pursuant  to  ^^^-^'^  ' jf  ^t ;f^fi;  23,  24,  25,  26  and  2 
as  a  Director  for  the  purposes  or  Sec--ons  o, 

of  said  Act;  ^ _^ 

.^,      n^ho  T^eaional  Director"  means  the  Regional  Director  of  the  Cen  — 
^    ^      Region  of  the  Ministry  of  the  Znvironnent, 
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(e) 


(-) 


(g) 


--^-^   officer"   -f 


i 


\ 


,    ,   „^w«   n^s— -c-   Officer"   :2ear^  ^e   District   Officer  of   the 
^.""^   pr^Lbo^cu^li  District  Office  of  the  Mir.istry  of  the  Env.ror^ent '  s 
Central  Region; 

Authority ;  ' 

..r^-^^"   -ea-s   the   facilitv   described   in   the   Owner's 
^.J^     ^^t  C^.'-Tfcate  and  in  the  supporting  doc^entatiorj 
?e?:;;;d  ?=\e^e\n  to  ie  e:^.3nt  approved  by  this  Certificate; 

■I,,  ^^^  -^-pa-^eTt  svsten"  neans  the  vcr3cs  ancj 

"the  vater  sucoly  and  w-eaw-ent  sy^. —        ^,- c-^>--;hTir-;  en  o^' 
^7.4,^.^^  ---^^V-^■  action,  treatment,  storage  and  distribut.cn  o. 
vi^^^'t^ortie'so'I^c;  of  supply  to  the  free  flowing  outlets  or  ^e 
ultimate  consumers ' ; 

„^_--..,^  >.c-o-ble  concentration"  aeans  a  Unit  applied  to 
,-:^-r;,.r3nf  "oT  s^ubstances  in  the  drin>:ing  water  ax^ove  whic.-, 
rhere  are  known  or  suspected  adverse  health  et_ec.s; 

(h)  "ouarterly  sampling"  neans  sampling  conducted  o.  any  suc^^a^ 
v^'thin  each  consecative  three-ncnth  _  period  -^^^^^J.  ^T^^^'r^^  45? 
beS^een  ccnsec^utive  quarterly  sar:pling  events  is  not  ^ess  ^an 

days.  1 

^  ^*    '^s-;^  r»--''icat°  of  ADoroval  are  i^iposec^ 

-    /-.>   T^ho  '-ocuirenents  of  >-his  ue_ i^^ii —  ^^   --_       „    -.-*.      ^y^a 

2-  (-^  :^r':X^:,  Se-^on  23  of  the  Ontario  Water  Resources  Ac.  .he 
?^s'L^c;  o""'  t^^s'ce^.ificate  in  no  way  abrogates  theOw-ner's  legal 
;S^-a^-or;  ^'t=»<e  all  reasonable  steps  to  avoid  violating  otheil 
^Ppliciile  pJovHlons  of  this  legislation  and  other  legislations 
ajid  regulations.  | 

(2)   ?^s■^^.n^  to  subsec-.ion  (2)  ,  prior  to  const-action  of  --^^"j^'^^^f^. 

?!-r:ct?on">.cr5cf  i.%^aStro^n^fs.l  p-=pise?nt.ti-^;'^i.se: 

encine  power  generator. 

^^  ^wr  4.\,;c;  rp— •= -F-!  cate  are  severable.    If  an} 
2.   (^)   ...e  _. -qu^- _-e-. -^       ^^.^-  ^.^   o^  the  anplication  o^  an^ 

recuirenent  of   ^-s  c_— ---^c ,        ^-•^^r,-;c-;^rc°s   "'s  held 

*  •    ^^  «^  ^s-:c-  r=>'-^' f -^  caf^  to  any  circur:Swancw5,  -^     , 
■;ST7r"^e  arolication  of  such  requirenentto  otner  circu^s.an.e^ 
^nd  ie  remainder  of  this  Certificate  s.-:all  not  De  a..ec.^ 
therebv. 

•  ;-.^  ^>,o  •;— o>^>-etat''on  and  i-oleaentation  o 
■     '^'  Vt^^^f^J^J'^^^Si^^^i^    certificate  s.all  ta.. 
;:;Li^j::V^l^ved  in  a-can.in,  c=r^r^.y  t^  C^^^PP^---?^ 

and  the  doc-i::entation,  referred  to  in  uh-s  c , 

subnitted  in  support  of  the  application. 


\ 


NUMBER  7-1525-91-526 
Page  5  of  13 


T'he  CvTie-  =ust  ensure  cozsclia^nce  with   all  the   terrs  ar.d  conditions  of 
**'   this  Certificate.  Non-ccia?lianca  constitutes  a  violation  of  the  Ontario 
Warer  Reso'jrces  Act  and  is  grounds  for  enf crcerieni. 

5  -he  cr^er  shall,  forthwith  upon  the  request  of  the  Director  Regional 
^-   ;,^3^.o^  and  District  Officer,  or  any  of  then,  fimisn  any  in.o_r=a_ion 

^I^esred  concerning  conplianca  vith  this  Cer-.ificare  inducing  any 
records  required  ro  be  Xept  by  this  Certificate. 

6  -h-^  Cvner  shall  notify  the  Regional  Director  in  -.-riting  of  any  of  the 
fcllcving  changes  vi-::hin  3  0  days  of  the  change  occurring: 

(a)  chance  of  Cvner  or  operating  authority  or  bo-::h; 

(b)  change  of  address  or  address  of  the  new  Cvner. 

7  (-)   The  C-.-ner  shall  prepare  and  make  available  for  _  inspection  ^by 

M^n^stry  personnel  uoon  retraest,  a  conplete  ser  or  dravmgs  *-~;-^ 
one  (1)  vear  of  subsran-ial  conplerion  of  rhe  vatar  vcrxs^vnicn 
drawings  shall  show  the  varer  works  as  consrr-jc.ea  at;  rJiar  — ^e. 

(2)  A  comolera  set  of  the  "as  constr^jctad"  dravings,  incorporating  any 
amendienrs  aade  from  ti=ie  to  tine,  shall  be  xep-  by  c^e  ^--ner  a- 
the  ad:2inis^aricn  building  of  the  warar  wcr}cs  as  long  as  ^e  vat— 
works  is  kept  in  operation. 

Cogjencaaent  of  Constructicn 

s   '^he  Cvne-  shall  not  comenca  constr-icticn  of  the  vorxs  or  allow  its 
comsencarienc  un'il  the  Cvner  has  obtained  fron  the  Regional ^Direc.o.  a 

■=>amit  to  Take  Water  for  the  proposed  increase  m  varar  taxing. 


Operation  and  Maiatenanca 

q  m  -he  cvner  shall  endeavour  to  take  all  necessary  seeps,  vi-^in^his 
authority,  to  ensure  protection  of  the  source  of  warar  su.pl/  ^--n 
conzar:ination . 

(2)  SubsacTient  to  consrr^ucrion  of,  or  repairs  to  the  ^^^r^^' ^^tJ""^ 
^^^      .3  u-^'T^zaticn  of  the  works  for  the  supply  or  potaole  -a._-,  ^ne 

i-^-nar'Vhai::  ens-ura  that  the  works  have  bean  ade^iately  aismrected. 

j_^  .    ^   ''  .--i-^o--   -^i-p  v2-^°^  works  and 

(3)  The  C.-ner  shall  ensure  ^^t,  a   aii  .-^-s,  -^    J"  ^^  ^33^  to 

relai  d  ;aani:Daent  and  appurtenances  -hi^h  a ^  ,'  ^^»^,-o^  ,nd 

achieve  conplianca  with  this  Carrificare  ^-^  ?J=^f^^-/^°-^-.;:;tT;e 
nainzained.   Prcoer  operation  and  namtenanca  '—'^-~^^^'        ^^^ 

oerfor:nance,  adeV^ate  ^^^^^ '^^^^^^^  ^^^^Z^^^  ^Z^ ^se  'ot 
training,  adeo-aata  laboratory  and  process  con.-^ls,_  ^^.a  ^le 
orccass  chaz^iials  and  other  s'ubstancas _ that  "J^'c ass  c^'^^Jble 
vate-  being  treated,  that  are  suitable  f or  tne  process,  c.-pa.-z= 
vith  each  other  and  appropriate  for  drinking  wa.ar. 
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(4: 


(s; 


(6) 


(7) 


(S) 


(9 


(10 


^v,  .  -„  s'^v^sec-ion  (3),  the  Owner  shall  ensure  ^haral 

grade  cheaicals. 

K^n  or^cr-p  that  orior  to  commissioning  of  the  vat e 

the  water  vor3cs. 

case  of  an  energency  situation. 

The  0.-.er  sh.ll  pr.par.  a  manual  ='^  4--^^-^  si£s"ti" 
p„=ee^^.s  and  not^f. cation  p^==ec^e^,^r^^^^^^^^^      ^^_^^^.^ 

(5)  ar.d  (6),  a"f,J^fP  V  "-ips^ecr-ion  by  Kinistry  personnel  ai 
Sa^^T/on  .%^^%-"'^.i^lsira-==py  of  'ie  manual  to  t:.e  y..n.str, 

^_e  c-..er  Shall  P^P--  -  "Pff^^tron  ^eo-r^st'^.Sr  ^T^inS 
Veeo  ^t  uo  to  date  and  shall,  upon  --i^^='  sha^  ^  ,  udc 

jceep  -w  ^y         _!.,•«_  v-ir  v-^  m  e^t—v  rjersonnei  ana  :=i-i<=. —  / 

?:StiS:%-^isran:;ro.'?^etaifut7.=  ...  Xinis-^-/. 

..e  O^er  Shall  es.^Us.  ^"^^^0^  :^^i^  ^"^^ 
'd^te^^e^S'  c^u^^e  =?  eac^^^^plaint  and  measures  taXen  ■ 
tt*e^a?e  the  cause  and  prevent  its  rec-^encs. 
,  ^he  owner  shall  establish  -c-urity  procedures  a„a  where  necessaj 
^^:^^'^s^^'^o  J^iienr^Lih-oSe-ZVcVess  lo  the  wet 
worics . 


ihe    ow^e.    Shall  _aes.^,  ^^^^'^^tJ^l^i^'^^^^ 
operate  the  entire  wa.e     supply  .^  ^^  ^he  consumers 

ai,d  with  such  £ac-l^?;^=   ^f  wateJ' ciaYity   objectives,    guidel 
by   the    system   s3-is.-es     -le        ^^lication   entitled   "Ontario 
SSrSfc^ires-'-SS-s:  a-:  atMed  .rom  time   to  time   by  more 
published   editions. 


No.  1 
nanne 
servic 
ines  a 
Drinlci 
recent 


(1) 


The  water 


eatment  plant  has  been  designed  and  approved 


The  water  -rea^^u.  .u.^..^^^--  3^^^ 

water  at  a  total  naxi3iU3  flow  .a.e  or  xzjz   / 


11. 
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(2)    ^or  the  r^urr^cse  of  this  Cerrificare  ar.d  s-^sec^ion  66(3)  of  rhe 
•^^  Ontario  Water  Resources  Acr,  the  mtroducrion  cr  flows  mro  tne 
•a-^  -ea-^ent  i^lanr  in  excess  of  the  -axinun  flow  ra^e  sno-.-n  ir. 
;Sirecrion  (D  above  is  not  approved  under  this  Cert^icate  except: 

(i)   where  necessary,  to  :aeet  an  unusual  water  demand  for  fighting 

a  conflagration;  or 
(.•i)  where  necessary  for  the  purpose  of  nainteranca  of  the  water 
^  ^  wor:<s,  essential  to  their  efficient  ^f^^^^;^'.  -;J-;::.-^; 

the  quality  re^Jireaents  for  the  trea.ec  -a-e. -e 

satisfied. 

.3)   .^he  owner  shall  record  the  tirie  and  duration  of  each  event  of  flov 

rate  in  excess  of  that  specified  iri  suosect^on  (-)   c. 

Condition  along  with  the  reasons  for  it. 

12    a)   The  owner  shall  ccnstr-^ct  and  cper^te  the  disinfection  system  in 
J-^  •  ^    '       -i^^  .,;-•-  d(-n  •^ar-^T^'es  that  a  mn_nu:3  o_  u.-  -^"^i  ~ 

such  a  manner  and  vi-^  sjc^  _.ac.„— es  _^«.  ^z.i^c:^   15 

of  total  chlorine  residual  m  tne  trea.ea  wa.e.  a..-.  -^--^_- 

SLutes  contact  tine,  and  before  the  first  cons-u=er,  is  ria. e. 

at  all  tines. 
(2)   The  owner  shall  notify  the  District^Off^  and  ^^al^cer 
o'  -ealth  forthwith  m  the  event  tha.  jnc.--c--..a.-. 
directed  to  the  distribution  systen. 

IT  n\  The  Owner  shall  use  best  efforts  to  ^="^-V^=^\  ^l^^^^^r  ^^Z 
backwash  treatment  .acil---es  .n  ^uc^^  v^^-^^-ash  wastewater 
concentration  of  suspenced  f  l^^J  ^.^^  -^  .^t;-:/;;  ^lant •  s  rav 

settling  tank  supernatant  dischargee  m.o  -ne  ?- 

water  wet  well  is  nininized. 

j_  _,' -  J  ■;  ^-.  1  1  ■tr  -^So  p'^'^ir'e  contents  o- 
(2)  The  owner  shall  ensure  that  periodical  yhe-^.---  ^^^_^ 
^    '      rhe  bacx-^ash  wastewater  settling  tanxs  -s  c.s...a.^ 

without  decanting  any  supernatant. 


vonitorinc 
14.   (1) 


and^^^ortitJ 


or  now  zieii.a--.-y  --"' '  iu  •>  ,^_,^-,r^  ^o  Within  t^Ius  or  nir.ui 

exceeding  one  year  to  ensjire  ^^- ^^^^f  ^^^^^    ^ange  of  ths 

5%  of  the  actual  f-ow  rate  -c.  -he  _n 

devices,  in  order  to  neasure: 

(i)   the  flew  ra-.a  o:  water  bei^g  c=r,veyed  to  and  t-ouch  -.he  vater 
treatnent  olant  (raw  water) ; 

(ii)  the   Gaily   quantify  c.   . — 

distribution  systen. 
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(2) 


(3: 


^he  data  generated  in  accordance  vith  suhsecticn  (1)  above  shall  b 
deemed  to  be  conclusive  of  the  :iini3U3  flow  rates  for  the  purpose: 
of  deteraining  compliance  vith  and  enforcement  of  this  Certificate 

-^e  Cvne-^  shall  install,  maintain  and  operate  continuous  vate: 
duality  analyzers  and  indicators  vith  alarm  systems,  calibrated  a- 
-ocular  intervals  not  exceeding  three  months,  in  order  to  measure:. 


:i) 


free  chlorine  residual  in  treated  vater; 


The 

our 

(a) 


(ii)   filtered  vater  turbidity  in  common  filter  discharge  line. 
C-ner  shall  ensure  that  the  folloving  monitoring  program  is  carrier 

sampling  locations  shall  be  established  to  the  satisfaction  of  th- 

Q^gl^Sc-  o^'^'ce-  prior  zo  commencement  of  operation  or  the  vorxs. 
sampling  locations  may  only  be  changed  or  abandoned^  and  ne^ 
T-c"^'^'ons  added  follovinc  commencement  or  operations  if,  m  ^', 
ooinion  of  the  District  Officer,  it  is  necessary  to  do  so  ro  ensur; 
reoresentative  samples  are  being  collected. 


(b)   Samples 


:av 


vater  and  treated  vater  shall  be  collected  an< 


analyzed  for  at  least  the  folloving  parameters  at  the  inaicate^ 
frequency: 


•RAW  WATER 


Ouarterlv 


AUcalinity 
Hardness 

Calcium 

Sodium 

Iron 

Copper 

Lead 

Zinc 

Arsenic 

Aluminum 

>langanese 

Conductivity 

Chloride 

Sulphate 

Ammonia  -i-  Ammonium  (N) 

Total  Kjeldahl  Nitrogen 

Nitrite 

Nitrate 

Dissolved  Organic  Carbon 

Phenols 


Weekly 

Total  Coliform 
Fecal  Coliform 
pH 

Turbidity 
Colour 
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.        ^^^^^cn   -o   the  above  zcutizie    sanplii^g  ^^^f^'    ""^rzll 

testing  should  be  perfor:ned  and  r^^^^^^- V.uoving  va^.er 

;?n-.u^  frequency  of  once  a  day,  fo. 

TDarameters : 

-  pH,  colour,  Turbidity,  Temperature 

Weekly 
Quarterly 

i^otal  Colifom 
ADcalinity  Fecal  Coliforza 

Hardness  standard  Place  Counc 

Calcium  ^2 

Sodium  Turbidity 

Iron  Colour 

Copper 
Lead 
Zinc 
Arsenic 
Aluminum 
Manganese 
Conductivity 
Chloride 
Sulphare       . 
Ammonia  +  Ammonium  (N) 
Total  Kjeldahl  Nitrogen 
Nitrite 
Nitra-e 

Dissolved  Organic  Carbon 
Total  Trihalomethanes 

Xn  addition  to  the  above  routln.  f^^^  J^^^S.    ^'tSj 
•  tosting  should  be  perf ormea  ^nd  ^^f^l^      following  treatec 
minimu^  frequency  of  tvice  a  cay,  ^o.  ^ 
water  parameters:  ^      ^^^^  ^^^^^^^ 

^   ,^„^   "n—biditv,   Temperature, 
-    resid."i:  .ot.£^" Vine  Kesian.l. 

Weekly 

nnarterly 

Total  Colifo^rm 
ADcalinity  ^ecal  Coliform 

Hardness  standard  Plate  Coun- 

Calci'jm  colo\ir 

Sodium 
Iron 
Copper 
Lead 
Zinc 


(c) 


(d) 
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DISTRIBUTION  SYSTIM  rContinuedl 
Otiarterlv  Weeklv 

Arsenic 

Alxminua  i 

Manganese  s 

Conductivity 

Chloride  ^ 

Sulphare  ,1 

Asacnia  -i-  Aamoniiia  (N) 

Total  Kjeldah.1  Nitrogen  u 

Nitrite  5 

Nitrate 

Dissolved  Organic  Carbon  -, 

Total  Triiialomethanes  |j 

^r^rr.^.  "^e  zinisuD  nusiber  of  bacteriological  saiiples      \\ 

to  be   collected   from  different   locations   of  i| 
sacDling  joints  shall  be  as  outlined  in  the 
"Ontario  *Drin>:ing  Water  Objectives"   1983,   as  . 
amended  fron  ti:ne  to  tine  by  aore  recently :{ 
published  editions. 

Subiect  to  subsection  (f)  of  this  Condition,  once  a  year,  the  rav  | 
v^e?^d  treated  -.-arer  samples  shall  be  collected  and  analyzed  for 
;^amerers  as  lisred  in  Table  1  and  Table  2  of_  ^-^t  "°^f ;°  . 
bringing  Water  Objectives"  19S3,  as  amenaed  fron  ^ime  .0  u^_  -vj 
-ere  recently  published  editions. 

The  sampling  and  analvses  required  by  subsections  (b)  and  (c)  oil 

ih^s  Condition  shall  be  performed  in  accordance  vith  the  Guice  ^.o^ 
the  Collection  and  Submission  of  Samples  for  Laboratory  Ana  ys.s  , 
^.  ,3.^  of  vv^e  Environment,  1985,  and  the  "Handboo):  of  Analytic-^| 
M;?£odi'for  Znviror.menral  Samples",  Ministry  of  the  Environment, | 
Vjs3,  or  as  described  in  Standard  Methods  for  the  ^^Jffl^l'l   °- 
Water  and  Wastevater,  16th  Zdition,  1985 
time  bv  more  recently  published  editions 


water  and  Wastevater,  16th  Zdition,  1985,  as  amended  .rom  t-me  up- 
time bv  more  recently  published  editions.  F 

(e)   The  O-w-ner  shall  submit  the  analytical  results  ^'^^^^f.^f^^H^^   ^^ 
^    th^s  condition  to  the  District  Officer  vithm  thirty  (.0)  aa^s  ojp 
colle.  ^ion  of  the  samples  or  vithin  such  longer  period  of  u-me  as" 
the  District  Officer  may  agree.  m 

r)      Followina  review  of  any  of  the  analytical  results^r  any  of  tha 
^eoo-s  recuired  bv  Condition  No.  16  of  this  Certificate   ^h- 
H:g?;;al  Director  may  alter  the .  frequencies  and  lo-,^^^^^^ 
samoling  and  parameters  for  analysis  required  ^^  ;r^/:^'f -°?itv 
he/she  considers  it  necessary  for  Vro^er  ^ss^ss:.^r^.  o^^^^^^^^^^' 
of  suDolied  water  or  if  he/she  is  req^.ested  to  do  so  ^^y  r^f-^^o  | 
and  considers  it  acceptable  by  the  evidence  of  in.orma.-oip. 
submitted  in  support  of  the  request. 
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,a\  ^-  the  0..-ner  aonirors  any  of  the  parameters  required  by  s^secricn 
7h)  of  this  condition,  at  locations  designated  for  this  Pyjpcse  by 
III  n^s— ^-c-  Of'^cer  and  in  accordance  vith  subsection  (d)  ,  nors 
^e  u^^<.~.^  -  -  -p,TV!-;-ed  bv  this  Condition,  the  analytical 
:;:S>f  o J  a^rsuc^  s-LoSr^^th' required  and  additional  shall^be 
'nS-id  in  reporting  of  the  values  required  by  this  Certificate, 
Tnd'-J^e  i;;^reased  frequency,  or  all  dates  of  sa:=pling,  sna-  also 
be  specified  in  the  reports. 

_>■:_.  f  r^\     r\-F   *-v ■;  c  '-'^ndit "■  on .  the  Cvner 

(i)   Notwithstanding  sucsection  (e   of  -"^  --?,':-— ^°"'..,_^  q,- 

cha^T  rot^--v  the  District  Officer  and  the  Medical  C_-c^.  o. 

Heal^  fo^lhvith  if  any  analytical  result  exceeds  -Y  Maai:.u^ 

Icceotai^le  Concentration  of  a  ^^^^^-^-^''"0^ .hV  -  con-'-tned 
shows  'onsafe  bacteriological  water  quality,  °^  4\=-;^°?-;f?J^ 
bacteriological  water  quality,  as  aerined  m^e  ^f}-^;-f 
en-^-^ed  "Ontario  Drinking  Water  Objectives"  19S3 ,_  as  azaenaea 
?r on "time  to  time  by  more  recently  published  eai.ions. 

,  ^T  ^^„„,^o  -.^d  submit  a  oerformance  report  to  the  District 
The  owner  sha.l  ?^-?f -^^^if ^  ^^^^^  S?:;:  ^-^ch  report  shall  cover  the 
Officer  on  an  annual  basis.   '^^  -7!:,  J^" .-  Jvo  vater  suuDly  and 

J  *^«-™  -t-so  r-^'-TTpncenent  or  ODerai__on  o^  — ■-  ■"=• --  ;,  ,  _ 

?^^:°f  Jr^^'^n  Vvst^  to  Se  end  of  the  calendar  year  and  shall  be 
^\=^:?L^'°rthirn^etv  (90)  davs  following  such  reporting  period,  ^ach 
siiomitted  wi^nm  n-nety  ^u;  ^.  .^^,  .,^*.>,-;^  r-i-o^v  f90)  davs  of  the 
subseouent  report  shall  be  s'UDnit.ed  .i^^.-^^-^v  i^J^3^-^^3  si^^n 
completion  of  the  calendar  ve-r  -ing  ^-^^Z^^^:^  iT.form'ation  in  a 
con--^n,  but  need  not  oe  limited  uO,_  ^ne  -oi-ww..-u 
^oLlt  icceptable  to  the  District  Officer: 

(a)   a  summarv  and  disc^assion  of  the  q-^antity  of  "^^  ^^^^\^^ 
^  !se  -eoc-^ing  oeriod  compared  to  the  cesign  values  .0^^ 

.loul'aSon  serviced,  including  pea3c  flow  rates,  maxim-^  daUy  ana 

monthly  average  flows; 

accordance  vith  Condition  Ho.  15  o^  ^is  ce = 

(c,   a  tabulation  and  description  of  ^.-^^^--^^"^   conditions 
'    which  occ-^red  during  the  period  being  reportea  upon, 

(d,   a  s-a:==erv  of  the  chemicals  used  in  treatment  processes  vith  special 

reference  to  any  abnormal  usages. 

You  are  >.re^  r.nfici  ^  Cnifica^e  ofAppra^d  No.  7-1535-91-926  to  ic.  issu^  »  >'» 

subjea  :o  :m  terms  and  condirions  ouilimd  t'nerdn. 

and  condiiions  aiz  csfollom: 

Certificate  of 


Condition 
Aooroval. 


Tm  reasons  for  the  mposinon  of  inese  terms 

No.  1  is  included  to  define  terms  used  in  this 
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5. 


6. 


10, 


11. 


«    -y     is  included  to  emphasize  that  the  issuance  of  thd 
condition  NO.  2  IS  ^^""f^^^.  "  ^^^her  statutory  and  regulatory 

certificate  does  not  d^^-^^^^-V^  3^.,,,  ^     the  construction, 

obligation  .0  ^^^^^  ^^  ^j  the  vor3cs.  ' 

maintenance  and  operat-on  oi  u^e 

Zf^?i^e^i^ts^o?S^ci?ti^r=a«  Sr;ev....l^e  an.  t.at  t.ey  prevaU  eve. 

iuoDorting  documentation.  ^    I 

,   •    *->,,■»-  -^hia  Owner  IS  under  £ 
condition  NO.  4  is  included  ^°  -g^^;\i4\h^Ca?S?icate. 
statutory  obligation  to  ensure  compliance  virn  ^ 

v>,r.4-  vin-i'str^/  ■Dersorj:iel ,  vhei 
condition  NO.  5  is  ^-f'^:"^  1^^^^:,^^  ^l^in  Jo^s^^^^^ 
ac-ing  in  the  course  of  their  ^u^^^^; J;;"^.  related  to  the  vorks  whic) 
to^-S!  facilities   informati^^  and  records  ^^^^^^^^^  ^^^  ^^.^.^^^ 

are  the  subject  of  r^-'z^J.^^^'^.^lf^  ^e  ter:^   and  conditions  of  thi= 
assured  of  the  Owner's  compliance  v.^  uie 

Certificate.  I 

conditions  Hcs.  .  ^^  L^^^!^^^ ;:2::^"^:\^rJ^S';^^ 
can  be  kept  accurate  and  c-jrrent  vi^  r  ^^.^^  of  th 

— ?.c?t\\nf«SSue  tT?;e.a1e?.e  vo^.^^s  in  conpXianc.  vit.  .t.  ■ 

— r.2°.%i^eS=r^.^i^^  S^tLr^:^  s  ?L^ 

approval  being  s^^^^^.r, ^°  ^^^^   f^om  the  Mill  CreeX. 

prooosed  increase  m  ^.a.er  .axmg  xx  , 

^w  4.  *->,«  -^n-rV<^  vill  be  oDerateo 
condition  Nos.  .  is  ^J^^^ff  .^^.^^^l^^^^^.^^t^^e^^'^nSung  ooipUanc 
nainrained,  funded,  ^'J^fr-^^f f/^- f J°r-J  f  icate  and  that  the  CT,-ner  c. 
^S  ;lt,"c?ntir,^en^"ird;;".^  L^^tn^Tituation. .  ^  i 

conditions  NOS.  10  -d  i:  ^.  i-lj^d^/^  .;---^^^^^^ 

S:^-atei  is  aesthetically  acceptable. 

.^1.  4-  j--wa  T^<=aV  -Flow  "^ate  of  vat. 

works.  ^, 

•   •   ...H  -o  prevent  unnecessary  solids  load  on  U 

condition  NO.  13  is  ^^P^/J^  ^^  ^s  (1)  ,  and  to  prevent  build-up- of  tj 

?t;^f  ^^^-^sLpl^S^p^cle^which  c^^  I 

rfe^b?eS?^:ugi^^tS^.^^  -^  -—I 

system  (2) . 
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12  condition  Nos.  14,  15  and  16,  related  to  the  flov  metering  saripl^ng  ar.d 
^onTt^ring  program  and  perfor:nance  report  are  i:=posed  ro  ensure  that 
a°?  oe^°n£:t  data  are  available  for  the  water  vorks  perrTorriance 
P^^uat'^on  and  to  ensure  that  the  vater  works  is  operated  and  saxnramed 
a^  Se  I'evercoisisrent  with  the  design  objectives,  and  is  effective  m 
producing  water  of   an  acceptable  quality  at  all  tmes. 

You  niay  by' wrinenr^ticr  served  UDonni^ofd  the  Enviwrm:^dApp^Bo<^ 
anerrece:v:of:'nis7onk  reaiare  a 'namng  by'^  BocnL   Seaion  63  of ^J^^  Cnmu;u^  Wcser  H^sources  Aa, 
KS  0.  mo,  C  361,  as  amended,  provides  mm  me  Nonce  requiring  the  heunng  snail  staie: 

1.  The  portions  of  the  approval  or  each  ten.  or  corufrtion  in  the  approval  in  respect  of  which  the  hearing  ^ 

2.  ^Toroun^'on  which  you  intend  to  rery  at  the  hearing  in  relation  to  ^  por^'on  appealed. 


The  Nonce  should  also-include: 


3.  The  name  of  the  appellant; 

4.  The  address  of  the  appellant: 

5^  The  Certificate  of  Approval  number; 

5.  Tne  date  of  the  Certificate  of  Approval; 
7  Tne  name  of  the  Director; 

S.  The  municipality  within  v^ich  the  water  wcrics  are  located; 

And  die  Notice  should  be  signed  and  dmed  3y  me  appelhmi, 

Tnis  Nonce  must  be  served  upon: 

—_    r.        „„,  The  Director, 

The  Secretary,  ^^^^^  ^_^^  Resources  Act, 

Environmental  Appeal  Board,  >^'-  '  -^^rr^^^t 

Tm  St.  Clair  Avenue  West  Ministry  of  tfie  Environment 

:i  n':,  AND  250  Davisvnie  Avenue, 

f  '^°°  n„„rin  Toronto,  Ontario. 

Toronto,  Ontano.  w>,c  iw7 

M4V1N3  '^^SlHl 

Tne  above  noted  v^er  v^rh  are  approved  ^under  Secdon  23  of  the  Onmrio  Waxer  Reso^^es  Ac:. 

DATED  AT  TORONTO  this       20th         day  of  February,    1992. 

THIS  ISA  TRUE  COPY  OF 
THE  ORIGINAL  CERTJrtCATE 

SIGNED  SY 

W.  GREGSON,  P.  ENG. 

MAILED  n/vF EB   2  0  '^-^^ 
BY ^^3. 

f^Ll"!     y^s.    R.    Colouhcun,    Clerk,    Township   of  Percy 

c-^'  *      Mr.    J.    Janse,    HOE  C,    Acting  Reg.   Dir. 

Tott en   Sims   Hubicki  Associates^  TJnbe-ts 

Director,    Water  Resources  Branch,    At.n.      K.    Roce. ^s 


SCHZDULS  "A" 


This  Schedule  "A"  for^ns  part  of  Certificate  of  Approval  (Water) 
No.  7-1535-91-926. 


The  following  is  a  list  of  docmnents  containing  the  inforaation 
relied  upon  in  the  issuamce  of  the  Certificate  of  Approval: 

1.  Application  for  Approval  of  Water  Works  dated  December  16,. 
1991,  signed  by  Mrs.  R.  Colquhoun,  Adninistrator-Clerk, 
Township  of  Percy. 

2.  Report  entitled  "Township  of  Percy.  Police  Village  of 
War3c«?crth.  Water  Supply  System.  Design  Brief."  dated  December 
1991,  prepared  by  Totten  Sims  Hubicki  Associates. 

3.  Contract  specification  document  entitled  "Township  of  Percy. 
Police  Village  of  War3cworth.  HOE  Project  No.  7-0724.  Contract 
No.  1.  Water  Supply  Plant  Expansion.  Contract  Documents." 
dated  January  1992,  prepared  by  Totten  Sims  Hubicki 
Associates. 

4.  Engineering  drawings  entitled  "Township  of  Percy.  Police 
Village  of  War3c.^orth.  Water  Supply  Plant  Expansion.  MOE 
Project  No.  7-0724-01."  prepared  by  Totten  Sims  Hubic3ci 
Associates,  printed  on  Januciry  27,  1992. 


Analytical  Procedures  used  by  Maxxam  Analytics 


Appendix  D 


Detection  Limit  and  Analytical  Method  Reference  used  by  Maxxam  Analytics 


II  PARAMETERS 

MEVIMUM 

DETECTION 

UMTTOVIDL) 

ANALYTICAL 
METHOD 

METHOD 
REFERENCE* 

THM 

6ngA. 

Purge  &Trap  GC/MS 

EPA  624 

TOC 

O.lmg/L 

UV/PEROX/FID 

EPA  9060 

residual  aluminum 

0,025  mg/L 

ICP 

EPA  6010 

turbidity 

0.1  NTU 

Turbidit>'  Meter 

APHA2130 

true  colour 

ITCU 

Colourimetric 

APHA2120 

PH 

0.01 

pH  Meter 

APHA  4500H 

alkalinity 

1  mg/L  -  CaCOj 

Titration 

APHA  2320 

ammonia  +  ammonium 

0.05  mg/L 

Colourimetric 

APHA  4500 

anions  (NO3,  CI,  SO4,  F) 

0. 1  to  0.5  mg/L 

Ion  Chromatography 

EPA  300.0 

conductivity 

1  umbo 

Conductivity  Meter 

APRA.2510 

lead 

0.002  mg/L 

Graphite  Furnace 

EPA  7421 

metals 

ICP 

EPA  6010 

nitrite 

O.lmg/L 

Colourimetric 

APHA  4500 

orthophosphate-P 

0.005  mg/L 

Colourimetric 

APHA  4500 

Note  *  :  EPA  :  Environmental  Protection  Agency 

APHA  :  American  Public  Health  Association 


Evaluation  of  Residual  Chlorine  Concentration  for 
Inactivation  of  Giardia  Cysts 
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